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Haioperidol Analogs and the Use Thereof 



Background of the Invention 
Field of the Invention 

The invention is in the field of medicinal chemistry. In particular^ tte 
invention relates to haioperidol analogs and the use diereof to treat or p re v en t 
neunxlegeneiative conditions, to induce analgesia, to treat migraine 
headaches, to treat glaucoma, as anticonvulsants and as cognitive enhancen. 

Description of the Prior Art 

In 1990 a pq>er ap pe a red in the journal Synapx reporting Aat 
haioperidol, a therapeutically useful anti-^psychotic agent, has neuroprotective 
efifects against N-mediyl-D-aqpartate (NMDA)-induced brain injury 
(MacDonald and Johnston, Synapse 6:179-188 (1990)). However, the 
mechanism of action was uncertaixL Then, in April 1993 a pq>er in tiie 
European Journal of Pharmacology reported that halopmdol is a weak 
NMDA recqytor antagonist (Fletcher and MacDonald, Eur. J. Pharmacol 
253:291-295 (1993)). This study used electrical recording techniques to 
assay NMDA receptors in cultured rat hippocampal pyramidal neurons and 
coxkduded that haioperidol is probably a weak partial agonist/competitive 
antagonist at the strychnine-insenative glycine binding site. The 
neuroprotective effects of haioperidol might, therefore, be due to direct 
inhibition of NMDA receptors. 
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There are a number of reports directed to the preparadon of 
haloperidol analogs. For exanqile, Langbein, Aldof et aL EP 53744, 
discloses conqx)unds having the Formula: 




wbeidn X = OMe. Me, Br, a, F. H, 

Sato et al. Chem. Phann. BtdL 2P:3134-44 (1981). disclose the 
following haloperidol analogs, vAnexc the inhiUtoiy effects on spcmtaneous 
motor activity ">vere far less tfian that of haloperidol." 




R 



R «= R' = R" - H 
R-R'-R" = Me 

10 

R » OMe, R' = R" - CL 

See also Cascio et aL, Farmaco. Ed. ScL 55:605-14 (1980) and Kitamura 
«/ at JP 73-9241. 

IS Other examples of haloperidol analogs are taught by Lednicer et at., 

J. Org. Chem. ¥0:3839 (1975): 




where R «= H. OMe, and R' = H, Mc; and 
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Oiber examples of haloperidol analogs are tau^ by Ledoicer er aL, 
J. Med Chan. 75:1235 (1972): 



=\ O 





where X = o-Mc, m-Mc, /^■Me, m-OMe, p-Cl, p-f, o-CF3, m-CF3 and otiber 

siibstitxiffiityi 

Odier examples of haloperidol analogs are tau^ by T.rdiiicn- ef id., 
J. hiei ichan. 75:1239 (1972): 




10 



where X = o-Me, m-Me, ;7-Me, m-OMe, p-CX, p-¥, m-CFS and other 

SllbSrtltllftlltS. 

Another example of haloperidol analogs is taugjit by Lednicer et oiL, 
J. Org. Chan. -^^3844 (1975): 



=\ O 



-O 




15 



o 

X 
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Another example of a haloperidol analog is taught by Makoto Sato et 
al, Chem. Phann Bull. 25:3296 (1978): 

Summary of the Invention 

The invention relates to a subtype-selective NMDA l e c eptor ligand 
having the Fonnula (J): 




^wherein R|*Rto ^ each indqsendendy one of hydrogen, halo, haloalkyU aryl» 
fused aryU a heterocyclic groi^, a beteroaryl groi^), alkyl, alkcnyU alkynyU 
10 arylalkyl. aryialkenyU aiybdkynyl, hydroxyalkyU nitio, amino, cyano, 

acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkytduol; 

Z is one of N, CH, COH, CCN, CCHO. CCONH CCO-alkyl. CCO-alkenyl, 
CCHjNHCO-alkyl, CHO-alkyl or CNR^R', wherein and R* arc 
15 independently alkyl groups; 

R» can vary with each repetitive CH groiq> and is independently one of 
hydrogen, alkyU aryl, hydroxy or carboxy; 
n is 1 to 5; and 

I. 

m is 0 to 3. 
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15 



20 



The inveotioD also relates to a subtype-selective NMDA receptor 
ligand having the Formula (17): 





vd«ein R|-R,o are each indq»idently oneof bydrogea, halo^haloalkyi, aiyl, 
fused aryU a hetcrocydic ffotxp, a beteroaryl group, alkj^ alkcnyU alkynyl, 
arylaHcyU arylalkeoyU ar^alkynyU hydraxyalkyl, nhro/ anuno, cyano, 
acTlamido^ hydroxy^ tiuoU acyloxy» aaddo^ aDcoxy, caxbosgr* mbooylamido, 
or alliyltfaiol; can vaiy with each rqietitive CH groq> and is indepeodeody 
one of faydrogen» aUQ^ JUTU I'V^^'oqr ot oriw^ , j j^^^^ 
md'; ^ ' / 

n is 1 to 5. 

The invendon also relates to a subtype-selective NMDA receptor 
ligand having die Fonnula (ID): 




m 



wherein RrR,© are each indepmdcndy one of hydrogen, halo, haloaikyl, aryl, 
fused aryU a heterocyclic groi^* a beteroaryl group, alkyU alkcnyU alkynyl, 
arylalkyi, arylalkcnyl, arylalkynyl, hydroxyalkyl, nitro, ammo, c^o, 
acylamido, hydroxy, thiol, acyloxy, azido, alkojqr, carboxy, carbonyianudo, 
or alkylthiol; R* can vary widi each repetitive CH grocq) and is independently 
hydrogen, alkyl, aryl, hydroxy or carboxy; and 
n is I to 5. 
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The invention also relates to a subtype-selective NMDA nccplar 
ligand having the Formula (IV): 

OH R,o Rg 




IV 



v^todn R|-R|o are ea^ mdqxndently one of hydrogra, haJo, haknllQrl. aryU 
fiised aryL a lietEroqrclic grat^^ a £Bteroaryl gmap, alkyl, alkenyl, alkynyl, 
arylalkvL arylalkenyl, 8xy\s3kyix/l^'^0^ 9niino» cyano, 

ac^lamido, hydroxy* tiiioU ac^oxy* azido, alkoxy,' caibon^axnido, 
or aUcylduol; can vary wi A each icpetxtive CH groiq) ap^ 
l^drogen, alkyU aryU hydroxy or carboxy; and 

- The invention also rdates to a subtype-selective NMDA leoqstor 
ligand having the Formula (10: 




15 



wherein RrR,o are each independently one of hydrogen, halo, haloalkyl, aryU 
fused aryl, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyU 
ar^alkyl, arylalkenyl, aiylalkynyl, faydroxyalkyU nitro, amino, cyano, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alk^fluol; R* can vary with each repetitive CH group and is independently 
one of hydrogen, alkyl, aryl, hydroxy or carboxy; and 
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n is 1 to 5. 

The invention also relates to a subtype-selective NMDA re c epto r 
ligand having the Formula (VI): 




wherein R^Rso are each uidqMidendy one of hydrogen, halo» haloaUcyU aryl, 
fiised aryU a heterocyclic groi^, a heteroaryi groi^), alkyU alkenyU alkyzqrU 
arylalkyU axylaUcenyU arylalkynyl, hydroxyalkyl, nitro, amino. cyano» 
acylamido, hydroxy, thiol, acyloxy. azido, alkoxy, carbcmy, caibonylamMo, 
or alkyltfaiol; n is 1 to 5, 
• ■ is 0 to' 3, ; '::- [ \ ^ , . _ .^.,....,.,,^.1^^ 
Y is one of OH, H, CN. CHO, CQNHj, CX>-aIkyl, CX)-aIkaiyl, (3y«ICO- 
alkyU O-aDcyl or COj-aUiyl; and 

R* can vary vn&k each repetitive CH groiq;) and is independently one of 
hydrogen, alkyU aryl, hydroxy, or caiboxy. 

The invention also relates to a subtype-selective NMDA recqitor 
ligaml having tfie Formula (Ml): 




vn 



vAicrcin RpRio arc each independently one of hydrogen, halo, haloaUcyl, aryl, 
fused aryl, a heterocyclic groiq), a heteroaryi group, alkyU alkcnyl, alkynyU 
arylalkyU arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, amino, cyano, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkyltUol; n is 1 to S, 
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m is 0 to 3, 

Y is one of OH, H, CN, CHO, CONHj. CO-alkyl, CO-alkcnyl. CHjNHCO- 
alkyU Oalkyl or COj-alkyl; and 

R* can vary with cadi rq)etitive CH groi^ and is indq)ende&tly one of 
hydrogen* alkyU aryl, hydroxy, or carboxy. 

The invention also relates to a subtype-selective NMD A r e cc |i to i 
iigand having the Formula (F2ZI): 




— (CH)n— 




vm 



10 



15 



20 



R, tt> R9 are each independently one of hydrogen, halo, hsd^kyl, aryl, fused 

a he a heteroaryl group, aO^^al^^ 

myial^ hydroxyalkyU nitro, cyano, 

acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, caifooxy, carbonylamido, 
or aU^diiol; Ri, is one of hydrogen, aryl, fused aryl, a heterocyclic groiq), 
a hcteroaiyl ffoup, alky 1, alkcny 1, alkynyl, arylalky 1, arylalkcny 1, aiylalkyrq^l, 
hydroxyalkyl, or ac^; 
n is 1 to S; and 

R* can vary with each repetitive CH groiq) and is indq)endently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

The invention also relates to a subtype-selective NMDA receptor 
ligand having the Formula (IX): 
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R, to R9 are each independently one of hydrogra, halo, haloalkyl, aiyU fused 
aryU a heterocyclic grotq>, a heteioaryl groq), alkyi, alkeoyU alkynyU 
aiylalkyU arylalkeoyl, arylalkynyU hydroxyalkyU nxtro, amino, cyano, 
acylamido, hydroxy, tiuoU acyloxy, azido, alkoxy, carboxy, carbonylanudo, 
or alkyMnol; R,, is hydrogen, aryl, fused aryl, a heterocyclic groi^i, a 
beteroaiyl group, alkyl, alkenyl, alkynyl, arylaDcyl, arylalkcoyl, aiyialkynj^ 
faydroxyalkyl, or acyl; 
n is 1 to S; and 

R* can vary widi each repetitive CH groiq) and is independently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

The invention also relates to a sub^pe-sdecdve NMDA receptor 
ligand having the Formula (X): 





15 



20 



25 



Ri to R|o are each independently one of hydrogen, halo, haloalkyl, aryl, fiised 
aryl, a heterocyclic groiq>, a heteroaryl group, alkyl, alkenyl, alkyiqrl, 
arylaDcyl, arylalker^, arylalkynyl, hydroxyalkyl, nxtro, amino, cyano, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkylthiol; R„ is one of hydrogen, aryl, fused aryl, a heterocyclic groiq), 
a heteroaryl group, alkyl, alkenyl, alkynyl, aryhdkyl, arylalkenyl, aryhilkynyl, 
hydroxyalkyl, or ac^; 
n is 1 to 5; and 

R' can vary with each repetitive CH group and is independently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

The invention also relates to a subtype-selective NMDA receptor 
ligand havixig the Formula (XT)' 
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XI 



Ri to Rio are each indqmidently one of hydrogen, halo, haloaU^U^a^ fused 
aryU a heterocyclic groiq>, a hetenwryl groi^, alkyl, alkenyU aUgnayU 
arylalkyl, arylalkenyl, aiylalkynyl, hydroxyall^U nhio, amino, cyano, 

5 ac^iamido, hydroxy, thiol, acyloxy, azido, atkoxy, caiboxy, carbonylamido, 

or alkylduol; R|, is one of hydrogen, aryl, fiised aiyl, a heterocyclic gnn^), 
aheteroaryl groiq), alkyl, alkenyi, alkynyU aryhdkyU arylalk^ 
hydnvxyalkyU or acyl; 
'rn.isl. to 3; and ■-'r^.r^^,.:^ . 

10 R* can vary witfi each rcpt6A\c CH group and is independently one of 

hydrogen, alkyl, aiyl, hydros^, or carboxy. 

The invciition also relates to a subtype-selective NMDA re cep to r 
ligand having tiie Formula (XZI): 

Ri to R9 are eadi independently one of hydrogen, halo, haloalkyl, aiyU fused 
aiyl, a heterocyclic groiq>, a heteroaryl group, alkyl, alkcnyl, alkynyi, 
arylalkyU arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, amino, cyano, 
acyiamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkylthiol; R„ is hydrogen, aryl, fused aryl, a heterocyclic group, a 
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hcteroaryl group, alkyl, alkcnyl, alkynyU arylalkyl, arylalkcnyl, ar^alkynyl, 
hydroxyalkyl, or acyl; 
n is 1 to S; and 

R* can vary with each rq>etitive CH group and is indqmidently one of 
5 hydrogen, alkyU aryl, hydroxy, or carixixy. 

The invention also relates to a subtype-selective NMDA r eccpl Dr 
ligand having the Fcmnula (XZD): 




R, to R9 are eadi iixlq)eodeQdy one of hydrogen^ 

aryU a heterocydic gnnqi, a heteroaiyl groap, alhyl, aDoeq^ aDcynyi, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyaU^l, nitro, amino, cyano, 
aolamido, hydroxy, duol, acyloxy, azido, allan^, carboxy, carbonylamido, 
or alkyldiiol; R,| is hydrogen, aryl, fused aiyl, a heterocyclic groiq>, a 
heteroaiyl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyU 
faydroxyalkyl, or acyl; 
n is 1 to S; and 

R* can vary with each repetitive CH ffovp and is independently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

The invention also relates to a subtype-selective NMDA receptor 
ligand having the Formula (X7F): 




XIV 



10 



15 



20 
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to R|o are each independently one of bydiogen, halo, haloalkyl, aryi, fused 
aiyl, a heten>cycUc group, a heteroaryl group, alkyl, alkenyl, alkynyi, 
aiylalkyl, aiylalkenyl, aiylalkynyl, hydroxyalkyl, nitro, amino, cyano, 
acylamido, hydroxy, thiol, ac^oxy, azido, alkoxy, caiboxy, carbonybnmdo, 
5 or aDcyhfaiol; 

m is 0 to 3; 
n is 1 to S; 

p is 0 or 1; and ; ^ 

Y is one of OH, H, CN, CHO, CONHj, CO-alkyl CO-al^ 
10 alkyi, 0-alkyl or CX)3-alkyl; and 

R* can vary with each iqxtitive CH group and is indq>ende&tly one of 
hydrogen, aU^l, aiyl, hydroxy, or carboxy. 

The invention also relates to a subtype-selective NMDA ieccptoi 
ligand haviiig tiie Fornmla {XV): 



15 x-4— (Oflh-"! 



XV 



vdiercin X is an aryl or heteroaryl ring v/bidx may be substituted by one or 
more halo, haloalkyl, aryl, fused aryl, a heterocyclic grotq), a heteroaryl 
groiq>, alkyl, alkenyl, alkynyl, arylalkyl, aiylalkenyl, arylalkyi^l, 
hydroxyalkyl, nitro, amino, cyano, acylamido, hydroxy, thiol, acyloxy, azido, 
20 alkoxy, carboxy, carbonyiamido, or alkylthiol grovqps; 

m is 0 to 3; 
n is 1 to S; 

Y is one of OH, H, CN, CHO, CONHj, CO-alkyI, CO-alkcnyl, CHjNHCO- 
alkyl, 0-alkyl or COj-alkyl; and 
25 R* can vary with each repetitive CH group and is independently hydrogen, 

alkyU aryl, hydroxy, or carboxy. 
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The invention also relates to a med&od of treating or preventing 
neuronal loss associated with stroke, ischemia, CNS trauma, hypoglycemia 
and surgery, as well as treating neurodegeneiadve diseases indndtng 
Alzheimer's disease, amyotrc^ihic lateral sderoas, Huntington's disease and 
5 Down's syndrome, treating or preventing the adverse conseqoeoces of tiie 

overstimnlaticm of the excitatoiy amino acids, treating anxiety, oonvuhnons^ 
chronic pain, titating migraine headaches, mdnding migraines caused fay 
cortical ^grading depresncm (CSD), treadpg glaucoma^ tiMfacmg anr jUlKiHjp, f; 
as weU as enhancing cogoidoa, compriMng administer iug to an animal in 
10 need of such treatment an effective amount of a conqxnmd having one of 

Formulas or a pharmaceiiticaUy aooq^ 

BrUf Description of the Figures v v^ f 

-1. -M- <'- f J '^dc^cb':"ai^^ ;recc^ 

: / iieo^^ haloperidol in an oocjrte caqpressing Jhe ISri^A^ 

^'15 ./^.\QsySB<ypc. : ^'.^ 

curves comparing &e semttivi- 
ties of four subunit onnfainations of cloned NMDA recqyt o r s to haloperidoL 

NR1A/2A (n - 3); -a- NRIACB (n - 5); NR1A/2C (n = 3); 
NR1A/2D (n-3). 

20 Figs^ 3A and 3B depicts fte efifects of haloperidol on concentratim- 

response curves for glydne and ghxtamate at NRIA/2B subunit combimttions. 
Fig. 3A: O ccmtrol (n « 3); ■ + S haloperidol (n = 3); control EC,o " 
0^ ± 0.01 pM; haloperidol EC50 = 0.19 ± 0.03 pM. Fig. 3B: □ control 
(n 3); ■ + S pM haloperidol (n « 3); control EC50 » 1.61 ± O.IS pM; + 

25 haloperidol EC30 = 1.04 ± 0.02 pM 

J^. 4 depicts the halopoidol inhibition of NR1A/2B responses 
measured at different holdmg potentials, [gly] - 10 pM, [giutamate] » 100 
pM, [haloperidol] = 3 pM. Insets - sample records at -100, -70, -40 and 
+lQmV as indicated. 
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Fig. 5 depicts the kinetics of inhibition at NRIA^. 

f^. 6 dqncts tiie concentration-inhibition curves c omparing potencies 
of haloperidoU halopoidol analogs and related compounds at NR1A/2B 
subunit comlnnadons. • haloperidol (n > S); ■ 2 (n 4); ▲ 5 (n * 3); ▼ 3 
(n - 3); ♦ 6 (n » 3); + 7-trifiupeiidol (n » 3); x S-ifenprodil (n - 3). 

7 depots concentration-inhibition curves for 2 at four NMDA 
receptor subtypes. -•- NR1A/2A (n - 3); -a. NR1A/2B (n - 4); -■- 
NR1A/2C (n - 3); -♦- NRIA^) (n - 3). 

F^, 8 dqncts cooicentiatioa^inhilntion curves for trifiiqxridol at four 
NMDA receptor subtypes. -•- im^/2A (n - 3); -a- NR1A/2B (n - 3); 

NRl A/2C (n = 3); - ♦ - miArmW^mt:^'^-^-^. 

Fig. 9 depicts coziceQtratioii-inhibition curves fior ifcnpcodil at four 
NMDA receptor subtypes. NR1A/2A (n = 3); -a- NR1A/2B (n «= 3); 
NRl ACC (n »= 3); - ♦ - NR1A/2D (b = 3). 

10 c ouc c uli a ti cm-effiect corves fiv 13 at four NMDA reeqitar 
subtypes. NR1A/2A (n « 3); -a- NR1A/2B (n = 2); NR1A/2C (n 
-3);-^-NRlA/2D (n«3). 

Detailed Descripdon of the Preferred Embodiments 

We were somevAat dubious that haiopeiidol acts as partial 
agonist/antagcmist at NMDA receptor glycine sites (Fletdier & MacDonald, 
Eur. J. Pharmacol. 255:291-295 (1993)), because the molecule has no 
obvious structural similarities with other known NMDA receptor glycine site 
agonists or antagonists. Nevertheless, the result was of sufficient interest to 
warrant iiirther investigation, and it was reasoned that haloperidol might 
serve as a lead compound for a completely novel class of glycine site 
antagonists. These types of compounds were potentially attractive because 
haloperidol is active following oral administration and does not appear to 
have the bioavailability problems associated with many glydne site 
antagonists. In addition, the earlier report provided evidence that haloperidol 
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could diow in vivo efficacy as a neuroprotectant (MacDonald and Johnston, 
Syrupse d:I79-188 (1990)). Howeva, in order to develop a drug ymth any 
tiicrapeutic potential it would be necessary to make appropriate modifications 
to ^ structure of halopcridol to inqxrove potency at NMDA reoqitoni and. 
equally important, to increase selectivity with reflect to olher 
pbannacologicaUy active ates. In particular, it woukl be iKcessaiy to modify 
the molecule in such a way as to dimtnirii actions at dopamine reo qitms , o- 
sites and peduips oAer catecfaol amTiirr gic sj^stems. 

To begin to cs^ore fliese possibilities, electropfayaological assays 
were utilizied to characterize the actions of haloperidol at NMDA r cc ep tof s 
cxpiess cd in Xem^ms oocytes. Haloperidol was assajred at four subnnit 
combinations of doned rat NMDA receptors, correqxxnding to four putative 
NMDA recqitor subtypes (Moriyodn etaL^ Nature (Lond) 35431-37 
(1991); Kfonycr el dL, Science (WashbigfotK D.C.) 256:12^ 
Knisnwada ef oL^Nahire (LmeL) JJftSMl 099^0; S^^lnll^fl^ 
Biaphys. Res. C&mm. 185:K2&^2 (1992)). 

Usng fixed saturating concentrations of agonists (glutamate 100 |iM, 
glycine 1*10 pM depemling on subunit combniadon), inhibitory potenqr of 
halopcridol was assayed at NMDA l ecqi toi ' S assembled from NR1A/2A, 
NR1A/2B, NR1A/2C and NR1A/2D subunit combmations (Fig. 1). 
U n expectedly, these esqmiments revealed that haloperidol is a hig^y 
selective antagonist for the NRl A/2B combination QC^ -3 pM), and is at 
least 50 times less active at NRl A/2A, NRl A/2C and NR1A/2D (Fig. 2) (1, 
Table 1). Tbt slope of the concentration-inhibition curve was -1, giving no 
indication of a mixed population of receptors. Limited solubility of 
haloperidol in frog Ringer prevented the use of the drug at concentrations 
>100 pM. However, at this high concentration it appeared that levels of 
inhibition were already *mniratitig at ^^90%, suggesting that inhibition of the 
re^xmse by haloperidol is incomplete. Haloperidol was also tested against 
putative homooligomeric NRl A receptors expressed in oocytes. The IC^o in 
this case was -100 pM, suggesting that NRIA subunits alone can generate 
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haloperidol binding sites but that these sites are under strong allosteric 
constraints from co-assembled NR2 subunits. More specifically, NR2A, 2C, 
and 2D subunits would appear to cause reductions in sensitivity to 
halopcridoU as conqtared to the homooligomeric NRIA receptms, indiereas 
NR2B subunits cause a 30-fi3ld increase m sensitivity. 

The initial study on cultured hippocampal neurons reported that 
concentration-inhilntion curves for haloperidoi woe dofked rigJitWBtds by 
ratang the concentration of glycine; an cfiEect conystertjw^ comp e titi ve 
IhUbition at ibc glydne site (Fletcher and MacDonald, Eur. J. Pharmacol 
255:291-295 (1993)). If mhibition of NRl A/NR2B mvolved a competitive 
interacdon at die glycine site dien ccHicentradon'^e^xmse curves for glycine 
similariy transposed by a fixed c a micu U B tioq of haloperidoi (S 
pM). Contrary to diis, wc found that inhibition was essentially 
unsamunmtable and» if anytUng, was associated im;di modest reductions in 
" die EC^so^ fiff glydwi; ix^ Ae q for a 

co mp e ti tive an ta go nist (Fig. 3A). To test for posaibie interactions of 
haloperidoi at glutamale binding sites, the cfiGccts of a fixed co nc e nir aticm of 
haloperidoi (5 pM) was assayed on concentration'TCqponse curves tot 
glutamate. As described for glydne, inhibition was unsurmountable and 
involved slig^ht reductions in EC30 for glutamate (Fig. 3B). Taken togedier, 
these results suggest that haloperidoi antagonizes the NR1A/2B re ce pt o r s 
tfarou^ interactions at sites tiiat are distinct from both the agonist and co- 
agonist binding sites. 

To test vrfiether inhiUtory effects of haloperidoi showed any voltage- 
dqxndence, levels of inhibition induced by haloperidoi was measured at 
different holding potentials. Over die range -10 to -110 mV levels of 
inhibiticm induced by 3 haloperidoi on NRl A/2B, the responses (10 ^M 
glydne and 100 glutamate) s^rpeared to be largely independent of 
voltage (Fig. 4). Insensitivity to voltage argues that haloperidoi binding sites 
are not situated deep within the channel pore, ^ere ligand binding could be 
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affected by the electrical field of die membrane and the passage of ions 
tfarougfa tiie channel. 

Studying the kinetics of haloperidol binding using the oocyte 
prqwration is restricted by the speed at vMch dnigs can be apfiitd to ifae 
S oocyte suffice. Under most circumstances unifbnn drug application takes at 

least 500 mseCp limiting one*s alniity to resolve Ibe more n^iid hmding 
events. Nevertheless, ^? ^M r' ] M n "E timecourses of inMUtion after pretreatment 
or vioth snnuhaneous q^licaticm of 10-30 |iM haloperi&l indicated that the 
dn% b aide to bind NMDA recqitors in the absence of ciian^ 
10 (Hg. 5). At lower concentraticms of haloperidol (e.g. 3 pM) the atnation 

appears to be more complex, and is suggestive of an allosteric inhibitor, tiie 
flflBnity of vrfiirh is mhnnr^ *y ^ jm>cwtfaft nf agnmsL Even under these 
condidons, ^«e was no indicaticm of conve n t i onal use-dependent channel 
Idocking efifecia, Le. during a iHolonged tncubodw 
IS no ii»eiBses in tevds bf fa^^ 

These results suggest that haloperidol is not a ccmventicmal ^^^^ 
Uocker. Iiihilntion by PCP-dte ligands (eg. pbencydiifine (PCF), 
dizDzi^mie (MK*801) and ketamine) is Gharacterized by strong voltago> 
dqmidence and pronounced use-dependence (Honey et aL^ NeuroscL Lett. 
20 tf7:135-139 (1985); MacDonald etaL.J. NeurophysioL 58051-216 (1987); 

Huettner and Bean, Proa Natl AcadL ScL USA 95:1307-1311 (1988)). 

Contrary to the initial study (Fletcher and MacDonald, Eur. J. 
Pharmacol 255:291-295 (1993)), no evidence was found that haloperidol is 
a competitive antagonist/partial agonist at NMD A l ecqrtor glycine binding 
25 sites or, for that matter, at glutanuite sites. Otu^ possible explanation for tfiis 

discxq>ancy is that cultured hippocanq>al neurons express NMDA receptors 
assembled fiom both NRIA/2A and NRl A/2B subunit combinations, or from 
more conq^lex subunit compositions with similar resultant pharmacology. 
Separate studies have shown that NR1A/2A combinations have distinctly 
30 lower affinity for glycine than NR1A/2B - EC,© values are typically 1-2 jiM 

for NRl A/2A as compared to -0.2 ^M for NRl A/2B (Monycr et al,^ Science 
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(Washinporu D.C) 256:1217-1221 (1992); Kutsuwada et aL.Nature (LoruL) 
358'3&A\ (1992)). Thus, in low concentrations of glydne (e.g. OJ ^M), the 
NR1A/2A receptors will be weakly activated and f ^^m g s will be 
predominamly mediated by NR1A/2B subunit combinations; Le. icoep tots 
that are sensitive to halq)etidoL In higher conoentxations of glycine (e^ 10 
^M) bodi NR1A/2B and NR1A/2A comUnations will be fully wtivated. 
The NR1A/2A receptors are largely insensitive to halopendol so 
concentration-inhibition curves repeated imder thesp lend to 

be shifted to tl^ right, an e£fect resembling c omp e titiv e inhiUtion. Similar 
rightward shifts in concentration-response curves for glydne have also been 
recorded using ifei^irodil (see below), but in tiiis case a high senativity 
noncompetitive catsxpofoscx was also d et ected (Legendre and Westtirook, MoL 
Pharmacol 400X9-29% {\^^^ 

To begin to explore tbe structure-activity rdarionship for this action 
of haigpcridol, tiic molecule was ixmsidcTed ias ocmqpnaed bf two potcntiaDy 
active amq)biients; a 4-(4<hloroiJienyO-44 ydr a3 qr p ip er i dii» structure and 
a 4-fluorophenyi groq>, coqiled togetin* by a l-butanone linkage. 
Molecules cbnesponding to, or rdated to, tiiese components were either 
commercially available (e.g. Research Biochemicals Inc.), or were 
synthesized (see bdow). 

(1) 2 (4-(4-Chlorophenyl>4-hydroxypiperidine) was active at 
NR1A/2B, but it was a relatively weak antagoiust, qjproximatdy 25 times 
less potent than haloperidol itself (Fig. 6) (TaUe 1). Moreover, 2 retained 
only modest levels of subunit-selectivity. Compared to effects at NRl A/2B, 
2 was only 3 times less potent as an inhibitor at NR1A/2A, 5 times less 
potent as an inhibitor of NRl A/2C, and 9 times less potent as an inhibitor 
of NR1A/2D (Fig. 7) (Table 1). As described for haloperidol inhibitory 
effects of 2 ai NRl A/2B were imsurmountabie with respect to glycine and 
glutamate, 

(2) 3 (3-(4-fluorobenzoyl)propionic add), a carboxylic analog of the 
4-fluorobutyrophenone portion of haloperidol, was essentially inactive as an 
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inhibitor at NR1A/2B and was also inactive at NR1A/2A and NR1A/2C 
(Table 1). 

(3) In contrast, 4 (4-chl(m>-4'*fltiorobixtyTophettone), a molecule nuue 
dosely related to the 4-fluorobutyrDpheDone portion of haloperidol, did show 
inhibhoiy efifects. As described far 2, inhiUtiQn by 4 was dunaderized by 
low potewy and low sdecthrity (Table 1). 

The resnlts widi 2, 3 and 4 two possible insights into the 
stnicture-actiinl^ relationship: ^^::^^itf^vv^ - 

(i) That the sdectivity and potency of haloperidd at NR1A/2B is 
dependent vpon a combination of both the 4-(4-cfaloro|dienyI)-4* 
faydroxypiperidine and die 4-fhiorobu9toidienoDe porticms of the moleaile; 
i.e. upon the structural integrity of the molecule as a whole. 

(ja) That some underiying inhibitory properties of halopotidol at 
NMDA receptors could be found in bodi the 4-(4-€hicnopli^^ 
h ydi CT yyip cr i dift^ and die 4*fluuivbutyi6piienfiwe port^ Aii •motectJe. ^ 
However, we need to be cautious in this latter iuteipiclation b ecan w. dxce 
the posalnlity tliat dismantling haloperidol geo e iates molecules that 
resemble the parent conqxnmd in being aUe to block NMDA t eccp tors but 
do so through distinctly different mechanisms. Inactivity of 3 is presumably 
due to die diarge-bearing carboxylic add group wliich does not qipear to be 
tolerated by die Innding ate. 

These results prompted the assay of three additional structurally 
related and commercially available molecules: 5 ((±)-4-[*4-(4-€falorophenyl)- 
4-(4-hydroxyinperidinyl]-4-fluorophenyl-l-butanol), a reduced form of 
haloperidol; 6 (4-(4-(4-chlorophenyl)-4-liydi^*y-l -pip^dinyl]-! -4- 
(dilorophenyl)-l-butanoDe), a chloro-anaiogue of haloperidol; and 7 
(trifliq^eridol), another clinically used anti-psychotic (Table 1). 

Bodi 5 and 6 were comparatively weak inhibitors of NRlAy2B, 
respectively 25 times and 45 times less potent diat haloperidol itself (Fig. 6). 
Furdicrmore, like 2, both compounds were relatively non-selective (Table 1). 
For example, compared to effects at NRl A/2B, 5 had roughly equal potency 
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as an inhibitor at NRl A/2A and was only 3 times less potent as an inhibitor 
of NR1A/2C. NRIA/2D receptors were only weakly blocked at 
concentrations of tq> to 100 ^M. 

Triflfqperidol, on the other hand, i^ypeared to be slig^y more potent 
5 than haloperidol as an inhibitor of NRlAy2B (Fig* €) (Table 1). In terms of 

siditype spcd&dty^ trifltqieridol also retained dear selectivity fQrNRlA/2B» 
tboug^ this was not as pronounced as fliat seen with haloperidol. NR1A/2A 
subunit combinations were igsproximately 40 times . less :8ensittve to 
Irifliqieridol tban NR1A/2B. By extiapoiation, NR1A/2C comlmiaticms 
10 would qypear to be --180 times less sensitive to trifluperidol than NRIA/2B 

V (Fig. 8). It should be noted, however, that using 100 |iM trifluperidol there 
iMois dear i at NR1A/2A, and also some inhibitian at NR1A/2C and 

1^ efifects that were not obvious when using haloperidoL As 

descr i bed for hakperidoU ihhibiticm of NR1A/2B by tiifivpendol a p p e ar e d 
. 15 ' - V "to be^iMmpninpe^^ 0xttmn^ 

. These results ^ve two further ireagjrts into the structure-activi^ 
relationdiip for haloperidol-^pe molecdes at NMDA r ecep tors: 

0ii) The low potendes and poor siibunit-sdectivity of 5 and 6 
indicate that relatively modest structural changes in the 4 - 
20 fliKTObutyrophenone portion of haloperidol can have prmounced effects on 

inhiUticm. Most strikingly, arr^>ly substituting the 4'-fluoro-group with a 4'- 
chlOTO results in a -SO-fold drop in potency at NR1A/2B. 

(iv) The siighdy increased potency of trifliq)eridol with respect to 
haloperidol suggests that modifications to the 4-(4-chloroi4ienyl)-4- 
25 hydroxypqnidine portion of the molecule might be a viable means of 

increasing the potency of this type of compound while still retaining 
substantial levds of subtype selectivity. 

In February 1993, a separate paper appeared reporting that a 
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devdopmeatal swhdi occurs in rat farain NMDA recqitois which can be 
detected by changes in sensitivity to the "aty|Hcal" NMDA re ccp tm 
anmgonist ifenprodil (8) (Williams ei oL, Neuron lOaei-m (1993)). As 
part of the evidence for this switch, the authors used Xent^na oocytes to 
show tiiat NRl A/2A aibumt oombmations are substaotiaUy less scn ntiv e to 
ifienpiodil dum NRl A/NR2B, si^gestiQg diat a change in snbumt ca q acaai on 
mig)it underlie the changes in pharmacology. A subse q uent, move detailed^ 
study c har ac t e riz ed tise inhilntoiy actions of ifenprodil at NR1A/2A and 
NR1A/2B l ecq no rs expres s ed in oocytes (Williams et all, MoL PharmacoL 
4^:851-859 (1993)). 

In li^xt of the present resul t s, the apparent sonilanties between 
haioperidol and ifeiqxrodil in tenns of subunit-selectivi^ were strikmg* 
Furdiermore, a conq«ison of structures revealed that die two molecules also 
diare some comman features (TaUe 1). The puUidied studies oidy assqfed 
ificqsoffl at NRIA/ZA aikl NRIAQB. 1^ a n^ 
wxdi haioperidol, tiie IC,, values for i&apmdSl were measured at four 
suhunit combinations. 

As reported previously (Williams ef oil. Neuron 7i7:267-278 (1993)), 
ifeqtrodil was a conqiaratively potent inhibitcnr at NRIA/2B subunit 
comlnnadons (IC^o ^-2 ^M), approximalely 14 times stronger than 
haioperidol and 9 times stron ge r dian trifliqieridol (Bg. 6). Ifenprodfl also 
showed substantial levels of subunit-sdectivity (Fig. 9) (Table 1). NR1A/2A 
subunit ccmilnnations were roughly 40 times less senative to ifienprodil tium 
NR1A/2B, NR1A/2C combinations 300 times less sensitive arui NR1A/2D 
500 thus less sensitive. 

At present, the precise relationship between effects of haioperidol and 
ifoqirodil at NMDA receptors remains unclear. Still, similarities in subunit- 
sclectivity and structure suggested the possibility that the two drugs share 
common mechanistic features and might even be interacting at overlqjping 
binding sites: 
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Firstly, the two drugs both show strongest inhibition at NR1A/2B 
r ece pto rs. Ifeiqsrodil also inhibits NR1A/2A receptors, \rfiereas haloperidol 
is largely inactive, but this apparent discrepancy might simply be a matter of 
relative potency, and if haloperidol could be qipiied at higher concentjations 
(limited by soluhiiity), inhibition at NR1A/2A woold be detected. Tliis 
argument is sq>ported by tlie results vnfh triflq)eridol, ixAiicfa was dig^y 
mart potent tlian haloperidol, and did show appreciable inhibition at 
NRIA/ZA. Secondly, maximum levels of inhibition at NR1A/2B for both 
drugs is -90%; i.e. ndttier dri^ , ai^peais to be able to block NMDA 
responses completely. Thirdly, inbil^oii does not show any pronounced 
voltage-dependence. Fourdily, preliminaxy kiMCs stud^ 
drugs are able to interact with the receptor withotst tfie neo^sity of channel 
activation, and that, unlike PCP-«te ligands, neither bdmves like a 
oonventioaal open-channel blocker. 

To test Ibc posaUIity Aat inlubition of NMDA leocpcoirs by 
haloperidol and ifeoprodfl were mechanistically smilar, two compounds tfiat 
are hybrids of the two molecules were synthesized. These are: 9 (4-(4* 
benzylpiperidinyl)*4'-fluorobutyrophenone), where the 4'- 
fluorobuiyrophenotte portion of haloperidol is connected to the 4- 
benzyli^peridine portion of ifeiqxrodil; and 10 (4-{4-ben:7lptperidinyl>4'* 
fl uor op iopi ophenone), which is tiie same molecule but with one^CH} 
removed from the l-butaoone linkage. Also tested was 11 (3.[4*(4- 
chloro{diexxyl)-4-hydroxypiperidinyl]-4^fluoropropiopheiione), wluch is 
haloperidol with one CH2 removed from the 1-butanone linkage (an attempt 
to increase the resemblance between haloperidol and ifexq>rodil) and 12 (4* 
bcni^linperidine), a commercially available compound corresponding to the 
4-benzylpiperidine component of ifeaprodiL 

Preliminary assays indic4tfed that 9 has similar potency and subtype 
selectivity as haloperidol (Table 1). Some inhibition was detectable at 
NRIA/2A receptors, i.e. the molecule resembled ifa^irodil in this respect. 
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but KRIA/2B recqjtors were ~2S times more sensitive. NR1A/2C and 
NR1A/2D were effectively insensitive at concentrations %sp to 100 ^M. 

Preliminary assays indicated tfiat 10 is a little less potent than 9 at 
NR1A/2B receptors, but has a amilar subunit-selectivity profile (Table 1). 

Sinprisingty, 11 was largely or vAi60y inactive at all subonit 
combinations CTable 1). 

12 was apptedably weaker dian 9 and 10, and was >75 times weaker 
than ifaqnodil. Nevertheless, fliis component did nppcax to diqw.a^^d^^ ; 
of sobumt-sdectivity, at least in tenns of discriminating NR2A or NR2B 
containing r ecep tors from tfiose co ntaini ng NR2C or NR2D. 

These results suggest some fiirdier insi^its into structue-acdvity: 
J The subunit-selectivity of 9 and 10 sappoti tte theory ttat inhibition 
of NR1A/2B l ec eptois by haloperidol and ifenprodil are mechanistically 

of tiie linkage is critical to maintaining activiQr in any am|de hdopoidol 
analogs devdqped as NMDA l ecq rtor antagonists. In tiie case of 
halqperidolAfoqnodil hybrids, results widi 9 and 10 suggest that this 
parameter is not so critical. 

The activity of 12, albeit weak, sii^gests that some blocking actions 
of ifeiqirodil reside in the 4-benz^piperidine portion of the molecule. 
However, as with haloperidol, the potency and sdectivity of ifeqirodil is 
critically depeiKient on maintaining the structural integrity of the molecule. 

Lastly, our results iruiicated that 6, the 4-dilorophenyl analog of 
haloperidol, was a surpriangly weak and non-selective NMDA receptor 
antagonisL This prompted us to syntheaze and test 13, the de-fluoro analog 
of haloperidol. In terms of IC30 value, 13 was of roug^y equal potency than 
haloperidol as an inhibitor of NR1A/2B recqrtors (Table 1). Still, the most 
striking feature of these e}q)erimcnts was that maximum levels of inhibiti(Hi 
wetc only 30-60%, a distinctly lower efBcacy than any of the other ligands 
tested (Fig. 10). 13, applied alone, or in combination with either of the co- 
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agonists (glycine 1-10 or glutamate 100 ^M) failed to elicit membrane 
cuncnt responses, indicating that the compound is not behaving as a 
conventional partial agonist at NR1A/2B. 

Assays in oocytes oqiressing NR1A/2A recqptors revealed furAer 
5 caii4>lexities. At diis subunit comlMnation» 13 caused dose-dependeot 

increases in membrane current response (Fig. 10). This cfiGDCt became 
detectable between 3-10 |iM 13, and potendalion reac^ 30-509i at 100 
pM. 13 did not itself elicit any memhcane cuiieai ^i^^ 
expressing NR1A/2A, and did not qjpredably increase currents i^Aen qipfied 
10 ^ separately udth eidier of the co-agonists (glycine 10 |iM or ghitamate 100 
^ Potentiation of responses was still evident at satiiiTating oonceptratiQns 

-of glycine and glutamate^ all of i^di implies timt the clr^g does not ad as 
a convendcmal agonist NR1A/2C and NR1A/2D subuut combinations were 

^ -^rnqKNTtant fie a t ur es of NMDA receptor inhiUtlon insi thal^pcridol tnnding 

First, by choosing appiopria te substitution patterns it should be 
possible to generate haloperidol-type molecules showing varying degrees of 

20 efficacy as NMDA recqTtor antagonists. The butyn^dienone portion of die 

molecule would appear to play a critical role in determining die efficacy of 
antagonism. Lunxted efficacy NMDA recqnor antagonists are attractive 
because such drugs have built-in safety margins; m matter how higih the 
dosage only a certain fraction of the re^xmse can be blocked. This could be 

25 particularly important for analgesic, anticonvulsant, and anti-psydiotic 

indications, v^iere overdosage of full antagonists would result in sedatioit 
It is also likely that low efficacy NMDA receptor antagonists, particularly 
those showing subtype-selectivity, will not induce such profound memory 
deficits as fuU antagonists. 

30 Second, the haloperidol binding sites on NMDA receptors are able to 

mediate eidxer inhibition or potentiation of membrane currrat response. 
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Which type of effect predominates appears to be dependent upon the subumt 
composition of the recqitors and on the butyrophenone portion of ibc 
molecule. This raises the possibility of developing drugs that selectively 
potentiate particular subtypes of NMDA re ce pto rs . Sud& drugs could show 
tfaerapeotic potential as cognitive-enhancers in treatments of 
neurod^enerative oonditicKis such as Ahfacimer's disease. In addition, tine 
is potential of developing drugs tiiat selectively potentiate some subtypes of 
NMDA r ecept o r vMlc simultaneously having inhiUtory effects at ottier 
subtypes. Such conyxHmds could be importan t for ac^usting imbalances in 
subtype activity and may have Aerq>eutic potential as psydiotropic agents. 

The foUowing Table su mma r iz es various NMDA subtypes, fbc 
modulaticm of Which are associated with therapeutic ^cacy in various 
conditioos: 









Stroke 


NR1/NR2A & 2B 


Hypoglycemia 


NR1/NR2A&2B 


Neurod^enerative Diseases 


NR1/NR2A&2B 


Analgesia 


NR1/2D 


Anxiety 


NRl/2Aor2B 


l^ilepiy 


NRl/2Cor2D 


Psycfaous 


NRl/2Aor2B 


Cognitive Enhancers 


NR1/2A or 2B | 



Thus» if one wished to identify a compound disclosed herein ^^ch enhances 
cognition, the compound may be scr ee n ed against oocytes bearing die 
NR1/2A and NR1/2B NMDA rccqrtor subtypes (see example 1). If the 
compound potentiates currents across the oocyte membrane, then die 
compound is expected to be useful in enhancing cognition. Compounds 
which are usefid for treating or preventing the adverse consequences of 
stroke, hypoglycemia, neurodegenerative disorders, anxiet)', epilepsy or 
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psychosis, or v^ch induce analgesia, will inhibit the currents across the 
membranes of the oocyte e^qjressing the respective NMDA receptor subunit 
indicated in Table 2. 

In summary, previous work has shown that haloperidol blocks NMDA 
reqxmscs in cultured mammalian neurons. The present esqMriments indicate 
dial antagonism of NMDA le oc ptois by haloperidol shows pronounced 
subtype-selecdvity« Of die four subunit combhxations tested, only NRl A/2B 
was senative to iiihibition. Z^, 

Con&ary to a previous report, the present results iruficate that 
haloperidol b not a partial agonist/conq)etitive antagonist at glycine oo- 
agonist sites, is not a conq>etitive antagonist at glutamate agonist ates, and 
is not a conventional use-dq)endent channel blocker acdng at PCP-sitcs. 
Haloperidol i^jpears to be an allosKeric inhibitor acting at a distinct, and 
: possiUy iiovcl, bind&^ 

4: recqitan by haloperidol sharajDoaunon fiBatures 
with .inhiUtion by the atj^cal antagonist ifnii'Hwlil sug g eiitmB that 
mechanisms of antagonism for these two molecules are related. 

E3q)eriments desipoed to eaq>lore structure-activity reiadondiips for 
haloperidol at NMDA receptors indicate that subtype-sdecdve inhibition is 
dependent iqxm itmintniTHng ^ baric structural integrity of the molecule. 
Small modifications in the 4'-fluorobutyroid«ione porticm of halopmdol can 
have pronounced effects on the potency, efiBcacy, and selectivity of 
inhibition. In particular, removal of the fluorine atom (13) generates a 
selective low efQcacy inhibitor of NR1A/2B receptors that actually 
potentiates currents mediated by NR1A/2A recqytors. On the other hand, 
modifications to the 4-(4-chlorophenyl)-4-hydroxypiperidine component are 
one way of increasing potency while retaining subtype selectivity. In 
particular, trifluperidol is a subtype-selective NMDA receptor antagonist 
which ai^iears to block NMDA receptors by the same mechanism as 
haloperidol. 
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The present invention is also related to the discovery that certain 
haloperidol analogs have in vivo activity as anticonvulsants in MES 
experiments in mice. For instance, 4-(4-benzylpiperidinyl)butyrophenone 
hydrochloride (29b) was found to have an ED50 of 3.2 mg/kg as an 
5 anticonvulsant in mice. 

Examples of subtype-selective compounds have the following 
Formula I-XV: 
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wfaere RrR|]» R\ X, Y, Z, n, m and p are each as defined above. 

Particular exanq>les of conqxnmds within the scope of Formula la 
include those having the following formulae: 




where R, to R|o are as defined above, n is 1 to S, and Z is as defined above, 
and is preferably C. 

Particular examples of compounds widiin the scope of Formula VH 
include those having the following formulae: 



• • • 
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21 





22 



where R, to R|o are as defined above, n is 1 to S, and Y is one of OH, CN, 
CHO, CONH^ COCH,, COCHjCH,. CHjNHCOCH,. OCH,CH,CH„ 
COCH,CH,CH, or C0,CH,CHK:H,. 



5 



Additional preferred compounds include: 
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vAiere to R,|, are as defined above, nisltomis0to3 and Y is as 
defined above, preferably being hydrogen or hydroxy; 
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vAiOt R, to R|o ^ ^ defined above, R\ R\ are each indepcndendy erne 
of hydrogen^ alkyU aryU hydnn^, or caiboxy, m is P ,to 3, and Y is as 
defined above, preferably being hydrogen or hydroxy; 




vtdiere R, to »e as defined above, R*, R\ R* are eadi uidqpendently one 
of hydrogen, aUcyU aryU hydroxy, or caiboxy, m is 0 to 3, and Y is one of 
OH, CN, CHO. CONH,, COCHj, C0CH,C3I„ CHjNHCOCHj, 
OCH3CH3CH,, COCHjCHjCH, or CO,CH,CH-CH^ 



10 





where Rj to R9 and R„ are as defined above and n is 0 to 5; 
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vAiext R| to and R|, axe as defined above, and K\ R\ R* are each 
in(^>eodeiitly one of l^drogen» alkyi, aryl, hydroxy, or carb ox y; ^^^^ ^ ^ 




32 

iwfaere R, to R9 and Rn are as defined above, and n is 1 to S; 




33 



vAMoe R| to R9 and R„ are as defined above, axKl R\ R^ R^ are eadi 
indq)eodendy one of hydrogen, alkyi, aryi, hydroxy, or carboxy; 




34 
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where R, to R„ are as defined above, and n is 1 to S; 



5 




where R, to R,, are as defined above, and n is 1 to S; 




vAtert R| to R9 and R|| are as defined above, and R\ R^, R' are each 
independently one of hydrogen, alkyl, aryi, hydroxy, or carboxy; 



10 
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^^^lere R, to R9 and R„ are as defined above, and n is 0 to S; 




where R| to and R|, are as defined above, and R\ R^ R* are each 
independently one of hydrogen, alkyl, aiyl, hydroxy, or caxboxy; 




where R, to R9 and Rt, are as defined above, and R*, R\ R^ are each 
independently one of hydrogen, alkyl, aiyl, hydroxy, or carboxy; 
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42 



where R, to R|o are as defined above, nisOtoS, mis0to3, pisOorl, 
and Y is one of OH. CN, CHO, COra,/ ixCHjf^C^^ 
qi^COCH,, OCHjCHjCH,, COCHjCH,CH, or CO,CH,bl=CH,. 





43 



10 



Dttee R, to R|e are as defined above, R*. R^ R* are each indqieodently one 
of hydrogen, alkyU aiyU hydroxy, or carboxy, misOto3, pisOorl and Y 
is one of OH, CN, CHO, CONH,, COCH,, COCH,CH„ CH^COCH,. 
OCHjCHjCH,, COCHjCHjCH, or COjCHjCH=CHj. 



o 
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wfaae R« to R|o are as defined above, X is as defined above, n is 1 to S, m 
is 0 to 3 and Y is one of CN, CHO, CONH,, COCH,, COCH,CH„ 
CHiNHCOCHj, OCHjCHjCHj, COCHjCHjCHj or COjCHjCHKMj. 

Prefened values of R|-Rio include hydrogen, halo, Ci^^haioall^l, 
idienyl. bcaizyl, C,.,alkyl, Cj.4alkenyl, Cj^alkynyl, hydroxy(C,Jalkyl, nitro, 
amino, cyano, hydroxy, thiol, azido, C|.4alkoxy, C,^carboxy and C|.4alkylthio. 
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One of is most preferably one of fluoro, chloro, bromo, methyl, ethyl, 
phenyl, ben2yl, trifluorome thy l, methoxy, mtro and the remaining Ri^Rj are 
each hydrogen. Most prefe rred values of R^-R,o indude hydrogen, chloro» 
fluoro, mediyU n^dKYxy, triflixxromediyl, ethyl, phec^l, benzyl and mtro. 
5 P iefen e d values of R,| indude hydrogen, fdienyl, ben^l, C|.4all^ 

Cx^alknyl, C^^alkyi^l, faydroxy(C,.4)alkyl and C^^ac^ 

Tyirical C^^ aryl groups inchide fdienyl, luqAlhyl, phenasdirjd, 
anthracyU indei^l, azutenyU bqdienyl, faiphenylenyl and fiuoro^l grmips.^ 

'I'yi^cal halo grcnqn inchide fluorine, chlorine, bmnine and iodiiie. 
10 Typical C,^ alkyl groiqis indude meth^ ethyl, prqyyl, isopropyl, batyU sec- 

butyl, ffitid /eit. *butyl groiqis. Also conlenq)lated is a trimediylene groiq) 
substitated on two adjoining portions on any benzene ring of die cmnpotinds 
of tfie irn^cntiQn. / 

alkeo^ g^oaps indude etfaenyl, propenyl, isopropeoyl, 
' 15 . ' ' bulcoyly'aiid jec^but^nyL ;^^^,i^^^;;i^;vv 

-^ Typical aU^n^ gioqs indude etfaynyU propynyl, butjfii^ and 
2*-buQnD]4 groups. 

Typtoal aryialkyl groups indude any of the above-mentioned C|^ 
alkyl groiq» substituted by any of Ae above-mentioned aryl groups. 
20 Typical arylaUcenyl groins include any of the above-mentioned 

alkenyl gnn^s su bstitute d by any of die above-mentioned C».|4 ar^ poops. 
Typical arylalkynyl groups include any of the above-mentioned C^^ 
, alkynyl groups substituted by any of tiie above-mentioned Ca-u uyi groiqis. 
Tyittcal haloalkyl groups include C,^ alkyl grot^ substituted by one 
25 or more flmrine, chlorine, bromine or iodine atoms, e.g. fluoromcthyl, 

difluoromethyl, trifluoromethyl, pentafluoroethyU 1,1-difiuoroetiiyl and 
trichlovomediyl groqis. 

Typical hydroxyalkyl groiqis include C,^ all^l groups substituted by 
hydroxy, e.g. hydroxymediyl, hydroxyethyl, hydroxypropyl and hydroxybutsrl 
30 groups. 
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Typical aikoxy groups include oxygen substituted by one of the C,^ 
alkyl groups mentioned above. 

Typical aUcylfluo groups include sulphur substituted by one of 
alkyl gjcoups mentioned above. 
5 Typical acylamino gmxps include any C,.cacyl (alkanoyl) substituted 

nitrogen, e.g. acetamido, propionamido, butanojdanudo, pcntanoylaniirio, 
hexazMiylamido as well as aryl-substitated C24 substituted acyl groins. 

Typical acyloxy grot^s include any acyloxy groiqxs, eg. acetoxy, 
propionoyloxy, butanoyloxy, pentanoylcncy, haunoyfc^ 
10 Typical heterocyclic groups include tetrahydrofurmyU pyranyU 

pxperidinyl, piperizinyU pynolidinyl, imidazolindinyl, imidazolinyl, indolinyl, 
: IsoindoUi^l, quinuclidii^l, moxpholinyU isocfaromai^l, dnomanyl, 
: :rpyrazoU^ 

/ ^ Tyinc^ gniq>s include tfaienyl, benzojb] Aienyl^ 

is : ' ^^pjnntq^ .. . 

duomenyly * «ii»rti*^*y i, f^wwiifMrtiiAiii^ TH-pyiaolyl^ pynolyl, imidazcdyi, 
pyiazoIyU pyridyt pyrazinyU pyrimidinyly pyrida2anyl, indolizinyl, isoindolyU 
3/f-inik>lyU indoly U indazdlyU purinyU 4/f-<punoli2ii]iyl, isoquinotyl, quinolyl, 
pfadudzinyU n2q>fadiyridinyU quinozalinyl, ciimolii^U pteridii^l, SnH- 
20 carbozolyU c ai b oz olyl, p-carbolin^, phenanduidtnyU acrindxnyU perimidinyU 

phenandiroUnyl, pbcnazinyl, isothiazolyl, phenotfaiazinyl, isoxazolyU 
furazanyl and phenoxazinyl groups. 

Tyjncal amino groups include -NH,^ -NHR'\ and -NR^^R", vdierein 
R'* and R" are C,^ alkyl groqjs as defined above, 
25 Typical carbonylamido groups are carbcmyl groups substituted by 

-NH,. -NHR", and -NR'^R" groi^w as defined above. 

These compounds nu^ be prepared following the general procedure 
as describee! by Janssen et aL (J. Med & Phamu Ghent 7:281 (1959)) by 
coupling of the substituted piperidines or piperazines widi the substituted 
30 o^ialoalkylphenones (see examples below). 



wo 96/02250 



PCTAJS95rt>9191 



^2- 

Compounds 9 and 10 were prepared by coiq>lmg of 
4-beDzylpiperidine (12) with 4-Ghloio-4'-fIuorobutyrophemme (4) and 
3-€faioro-4'-fluoropr(^opheDoiie (14), re^)ectively (eq 1 and 2). Conqxmnd 
11 was prepared by coi^iluig of 4^4-dJoro|rtienyl)"4-hy dr 0x ypipqi dme (2) 
with 3-chloio-4 -fluoroproinopheocme (14) (eq 3). 




11 
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Pardculariy preferred hal(q)eiidol analogs of the present invention 
include, but are not limited to 4-[4-(4-chlon9)henyi)-4-hydroxypiperidtiiyl]- 
butyrq[)henone, 4^[4^4-bioinq)henyl>-4-hydn)xypiperidinyl]-butyropheiioiie, 
4.[4.(4.inethylphenyl)-4-hydroxypiperidinyl]-butyropbenone« 4-[4-(4- 
5 etby^henyl)-4-bydToxypq>eridinyl]-butyrophenane, 4-[4-(4-pheQy)pheiiyl>-4* 

hydroxypiperidinyQ-butyropbenone, 4-[4-(4-trifluoromethylphenyl>4- 
hydroxypiperidtnyl]-butyrophenone, 4-[4-(4-fluorophcnyI)-4- 
hydroxypipertdinyl]-butyrophenone, 4-[4-(4-methoxy^^^^^^ 
hydroxypipcridinylj-butyrophcnonc, 4-[4-(4-nitrophcnyl)-4- 
10 hydroxypiperidinyl]-butyrophenone, 4-[4-(3-chlorophcnyl)-4- 

hydroxypipcridinyll-butyrophcnone, 4-[4-(3-broraophenyl)-4- 
bydroxypipcridinyll-butyrophcnone, 4-[4-(3-mcthylphcnyl)-4- 
hydiroxypiperidinyl]-butyrophenone, 4-I4-(3-cthylphcnyl)-4- 
hydroxypiperidinyI]-butyrophenoDe, 4-(4-(3-phcnylphcnyl)-4- 
15 hydrro^ 

hydroxypipcridinyll-butyrophcnonc, 4-[4-(3-flttorbphcnyl)-4- 
hydroxypipcridinyll-butyrophcnonc, 4-(4-(3-methoxyphcnyl)-4- 
hydroxypiperidinyll-butyrophcnone, 4-[4-(3-nitrophcnyl)-4- 
hydroxypiperidinyl]-butyrophenone, 4-[4-(2-chIorophcnyI)-4- 
20 hydroxypiperidinyll-butyrophenonc, 4-[4-(2-bromophcnyl)-4- 

bydroxypiperidinyll-butyrophenone, 4-[4-(2-mcthylphcnyl)-4- 
hydroxypipcridinyll-butyrophenone, 4-[4-(2-cthylphenyl)-4- 
hydroxypipcridinyi]-butyrophenone, 4-[4-(2-phcnylphenyl)-4- 
hydroxypipcridinyll-butyrophenone, 4-[4-(2-trifluoromethylphenyl)-4- 
25 hydroxypipcridinyll-buiyrophcnone, 4-[4-(2-fluorophcnyl)-4- 

hydroxypiperidinyll-butyrophenone. 4.[4-(2-methoxyphenyl)-4- 
hydroxypipcridinyl]-butyrophenone. 4-[4-(2-nittophenyl)-4- 
bydroxypiperidinyll-butyrophcnonc, 4-[4-(4-bromophenyl)-4- 
hydroxypiperidinyl]-4'-fluorobutyrophcnone, 4-[4-(4-methylphenyI)-4- 
30 hydroxypipcridinyl]-4'-fluorobutyrophcnone, 4-(4-(4-ethylphcnyI)-4- 

hydroxypiperidiny I]-4 '-fluorobutyrophenone, 4-[4-(4-phenylphenyIV4- 
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hydroxypq)criclmyl]-4'-fluoit)butyropheno^ 4-[4-(4-trifluoronietliylphenyi)- 
4-hydroxypipcridinyl}-4'-fluorobutyrophcnonc, 4-[4-(4-fluorophenyl)-4« 
faydroxyinperidixiyI]-4'-fIuorobutyrophe^^ 4-[4-(4^nethoxyidienyI)-4- 
hydroxypipcridinyl]-4'-fluorobutyrophcnone, 4-[4*(4-iiitrophenyl)-4- 
hydroxypipcridinyI]-4'-fluorobutyrophcnonc, 4*[4-(3*broiiiophenyI)-4- 
hydroxypiperidinyl]-4'*fluorobiityropheiione, 4-[4-(3-chlorophenyI>4* 
hydroxypiperidiiiyl]-4'*fluorobutyn)phenoBe, 4<-(4-(3-methylplienyI)^ 
hydroxypipcriduiyl]-4'-fluorobutyrophcnonc, 4-[4-(3-cthylphcnyI)-4- 
hydroxypipcridinyI]-4'-fluorobutyrophcnonc, 4*[4-(3-phenyIplienyl)-4- 
faydioxyp^>cndmyI]-4'-fluorobiityro^^ 4-[4-(3*trifliionmietli^dieag4)- 
4-hydroxypipcridinyl]-4^fluorobutyrophcnonc, 4-[4-(3-fluoropheiiyl>-4- 
hydroxypiperidiiiylH *fl^cm>bii^^ 4-[4-(3-inedm^ldiei9l)-4- 
hydroxypiperidinyl]-4'-fluoroba1^ropbenone9 4*[4-(3-mtrophenyl>4- 
hydrpxypiperidinyl]-4'-fluorobiityrophenone, 4-[4-(2-bxomophenyiy*4- 
hydrox}i^[pendmyl}-4'-fluoro^ 4«[4*(2-cU^ 
hydn>xypiperidmyl>4'-fluorobmyropheii^ 4-[4-(2-metfay^hcsiyl)H4- 
hydroxypipcridinyl]-4'-fluorobtttyrophcnone, 4-[4-(2-ethylphenyl)-4- 
hydroxyptperidmyl}-4'-fluorobiityrophenone, 4-[4-(2-phenylphenyI>-4- 
lydroxypipcridiny])-4'-fl uoi obut y rop h^^ 4-[4-(2»trifhionmicthylpheoyl>- 
4-hydroxyptperidinyl}-4'-fluorobutyrophenone, 4-[4-(2-fluoiophenyl)-4- 

hy d iax y p i pCTMinylM"fl^<^fa'*y^^ 4-[4-(2-methoxyidieoyl>4* 
hydroxypiperidixiyl]-4'-fluorobutyrophenone, 4-[4-(2*mtrophenyl)-4* 
faydr0xypiperidmyl>4'*fliiorobutyropheiiODe, 4-(4-bcnzylpiperid]Dyl>4- 
fluorobutyrophenone, 4-(4-bcn2yl-4-hydroxypipcridinyl)-4'- 
fluoTobutyrophenone, 4-[4-(2-phcnylcthyl)pipcridinyl]-4'- 
fluorobatyrophenone, 4-[4-(3-phcnylpropyl)piperidinyl]-4'- 

flttorobutyiophenone, 4-[4-hydroxy-4-(3-phcnylpropyl)piperidinyl)-4'- 
fluorobutyrophenone, 4-(4-amino-4-phcnylpipcridinyl)-4'- 
fluorobutyrophenone, 4-(4-amino-4-bcnzylpipcridinyl)-4'- 
fiuorobutyrophenone, 4-[3-bydn)xy-4-(3-trifluoroinetfaylphenyl)pipen^ 
4'-fluorobutyrophcnoiic, 4-(4-cyano-4-phcnylpipcridinyl)-4'- 



PCT/US95/09191 



-45. 



fluorobutyrophenone, 4-(4-carbamyl-4-phenylpipcridinyl)-4'- 
fluorobutyrophenone, 4-[4-(a-cyanobcnzyI)piperidinyl]-4'- 
fluorobutyrophenone, 4-(4-acctyl-4-phcnylpipcridinyl)-4'- 
fluorobutyrophenone, 4-(4-phcnyl-4-propionylpipcridinyl)-4'- 
fiuorobutyrophenone, 4-(4-acetainidoinethyl*4*phenyipiperidinyl)-4'- 
fluorobutyrophenone, 4-(4-phcnyl-4-propoxypipcridinyl)-4'- 
fluorobatyrophenone, 4-(4-butyryl-4-phcnyIpipcridinyl)-4'- 
fluorobutyrophenone* 4-(4-aniliDO-4-carbamylpiperidinyI)*4'- 
fluorobutyrophcnonc, 4-(3-mcthyl-3*phcnylpipc^^^ 
fluorobutyrophenone, 4-[3-(||€W 

' ■ ' ■ • ^ 

azabicyclofS^ J loct-8-ylH'-fl*^^butyrq^^ '4-(3-bcn2yl-3-hydroxy^8- 
azabicyclo[3.2. 1 loct-8-yl)-4'-fluorobutyrophcnone, '4^^^^ 
l,2'-indan]-4-yl)amino}-4'-fluorobutyrophciioM|^; 4^ 
inethyleneq;nro[cycIohexane-l^ '-ixidan]-4-yl)ami]K>}-4 -fluoiobutyrop^^ 
4-<4*phenylcycl6hex-3-ep- 1 -y lamino)^'-fluorobutyfbphenone, 4-(4- 
phciiyicyclohcxylamino)-4'*fluorobutyrophcnbnc, 4*{(3'4'- 
dihydrospiro[cy clohcxanc- U2 '( r/0-naphthalcn]-4-y l)amino ) -4'- 

fluorobutyrophcnone, 4-{(3'4'-dihydrospriro(cyclohcxanc-Ul'(2'/0- 
naphtluden}^yI)amiiio}-4'-fluoiobiityTophe^^ 4-[4-(4-€hlarapheEiyl)-4- 
hydroxypipcridiiiyll-l-{4-pyridiiiyl>-l -butancme, 4-[4-(4-chlorophciiyl>-4- 
hydroxypipcridinyl)-l-l4-(N-oxy)pyridinylJ-l-butanonc, 4-[4-(4- 
chlorophcnyl)-4-hydroxypipcridinyl)-3-phcnyl-4'-fluorobutyrophcnonc, 
4.(4.benzylpiperidinyl)butyrophenone, 4-(4-bcn2yl-4- 
hydroxypipcridinyl)butyrophcnoiic, 4-[4-(2- 
phcnylcthyl)pipcridinyl]butyrophcnonc, 4-[4-(3- 
phcnylpropyl)pipcridinyl]butyrophenonc, 4-[4-hydroxy-4-(3 
phcnylpropyl)pipcridinyl]butyrophcnonc, 4-(4-amino-4 
phcnylpipcridinyl)butyrophcnone, 4-(4-amino-4 
bcnzylpiperidinyObutyrophcnonc, 4-[3-hydroxy-4-(3 
trifluoromcthyl)pipcridinyl]butyrophcnonc, 4-(4-cyano-4 
phciiylpipcridinyl)butyrophcnonc, 4-(4-carbamy 1-4 
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phcnylpipcridinyl)butyrophcnone, 4-[4-a- 
cyanobcn2yl)pipcridinyl]butyrophcnonc, 4-(4-ac€tyl-4- 
phcnylpipcridinyl)butyrophcnonc, 4-(4-phcnyl-4- 
propionylpiperidinyl)butyrophenone, 4-(4-acetainidomethyl*4- 
phcnylpipcridinyl)butyrophcnonc, 4-(4-phcnyl-4- 
propoxypiperidinyl)butyrophenoDe, 4-(4-butyryl-4- 
phenylpiperidiny l)butyrophcnone, 4-(4-anilino-4- 
carbamy Ipiperidiny l)butyrophenone, 4-(3-methyl*3- 
phenylpiperidinyObutyrophenone, 4-[3-(4-chlorophcnyl)-3-hydroxy«8- 
azabicyclo[3 .2. 1 ]oct-8-yI)butyrophcnonc. 4-(3-bcii2yl-3-hydroxy-8- 
azabicyclo[3^1]oct-8-yl JbuQTOphenone, 4-{(spiio[cydohcxane-i;2'-indan)-4- 
yl)anuD6}bvtyiDphenooe, 4-{(l'-inetfaylaieqriro[cydohcxane-l^'*indan^ 
yl)amino}butyrophenone, 4-(4-phcnylcyclohcx-3-cn-l - 
^aiDino)biityio];diaicme, 4-<4^ihen^cyclcdie)cylainiiio)buQn^ 4- 
{ (3 -dihy drpspirp [cy clphc^ 1 Vflr)-BN|pih^ 

yl)ainxno}butyrophenoney 4-{(3'4'-dihydrospiio[cyclohexane-l ,1 '(2'ff>* 
naphthalen]*^-yl)amtno}butyrophenone, 4-[4-(4-chl6rophcnyl)-4- 
ly dn ixyp ip e ri dmyl3-3-phepylbutyro|Aen(n^ 4-(4-bcn^lpipcridiiqrl>4'- 
fluoropropiophenone, 4-(4-bcn2yI-4-hydroxypipcridinyl)-4'- 
fluoropropiophenonc, 4-[4-(2-phcnylcthyl)pipcridinyl)-4'- 
fluoropropiophenone, 4.[4-(3-phciiyipropyl)pipcridinyl]-4'- 

fluoropropiophenooe, 4-[4-hydroxy-4-(3-phcnylpropyi)pipcridmyl)-4'- 
flwropn^iophcQone* 4-(4-benzyliHpcridiiiyl)pTopiq)benone, A^A-heazyl^ 
hydroxypipcridinyl)propiophcnonc, 4-[4-(2- 
phcny 1 ethyl )pipcridiny 1] prop iophc none, 4-[4-(3- 
phenylpropyl)piperidinyl]propiophenonc, 4-(4-hydroxy-4-(3- 
phcnylpropyl)piperidinyl]propiophenone, 2-[4-(4-chlorophenyl)-4- 
hydroxypipeTidinyll-4'-fluoroacetophenone, 4-(4-hydroxy-4- 
phcnylpq)exidinyl)butyiophenone, and 4-(4-ben^^iperidinyI)-butyn)phenone. 
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Certain of the compounds of the present invention are expected to be 
potent anticonvulsants in animal models and will prevent isdiemia-induced 
nerve cell death in the gerbil global ischemia model after administration. 

The compounds of the present invention arc acdve in treating or 
preventing neuronal loss, neurodegenerative diseases, chronic pain, migraine 
headaches, are active as anticonvulsants and inducing anestheaa. They are 
also usefid for treating epilq>sy aiKi psychosis. Additionally, the compounds 
of the present invention are useful for treating glaucoma, including primary 
open-angle glauccnna, chords 

types of glfliif^^a or ocular hypertensioa The therqpeutic and ade efifect 
profiles of subunit-selective NMDA receptor antagonists ai^ agonists should 
be markedly differait from the more non-selective types of ixdiibitors. The 
subtype-selecdv ligands of the present invention are cxpoctcd to exhibit 
litde or no untowud side effects caused by non-selecdve binding wxtti other 
/ l ece p t cH T s , particularly, the It? m bindings sttt asw^^ "widi : 

die receptor. In addhion, selectivity for difftarcnt 

subtypes will reduce sdde effects such as sedadon that are cinnmcm to non- 
subtype-selecdve NMDA recqprtor antagonists. The compounds of the 
present invention are effective in treating or preventing the advexse 
consequences of the hyperactivity of the excitatory amino adds, e.g. those 
v^cfa are involved in the NMDA receptor system, by preventing the ligand- 
gated cation rbft™«^lg from opening and allowing excessive influx of Ca^ 
into neurons, as occurs during ifK:hcmia 

Neurodegenerative diseases which may be treated with the compoimds 
of die present invention include those selected from the group consisting of 
Abdicimer's disease, amyotrofdiic lateral sclerosis, Huntington's disease and 
Down's syndrome. 

The compounds of the present invention find particular utility in the 
treatment or prevention of neuronal loss associated with multiple strokes 
vAiich ^ve rise to dementia. After a patient has been diagnosed as suffering 
from a stroke, the compounds of the present invention may be administered 
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to ameliorate the immediate ischemia and prevent fitrtfaer rieuronal damage 
that may occur firom rec ur r en t strokes. 

Moreover, the conq)Ounds of the present invention are able to cross 
the blood/brain barrier vAidb makes diem particularly usefid for treating or 
j ^y^?v gi it j fig conditions involving die central nervous system. 

The campomds of tiie invention firxi particular utility in treating or 
^ n^w wt ti ng 4e adverse neurological consequences of surgery. For cxanqde, 
coronary bypass surgery reqinres tiie use of heart-lung machinrs Mdiich tend 
to introduce air bubbles into the circulatory system yfbick tody Icxige in the 
braiiL The presence of such air bubbles robs rmironal tissue of mygen, 
resulting in anoxia and ischemia Pre- or post- surgical administration of the 
omqwunds of the present invention will treat or prevent the resuhiog 
isdtemifl In a piefar ed embodiment, Ac compounds of the invention are 
administered to patioots undergoing cardiopuhnooary bypass surgery or 

■ carotid eo^ .yr'^j^^Si^^^^^ 

The oonqxHmds of the present invention also find utility in treating 
or j i wv w i t i ng chronic pairL Such chronic pain may be die result of surgery, 
trainna, headKhe, artiiritis, pain firom terminal cancer or degenerative 
diseases. The con^raunds of the present invention also find particular utility 
in the treatment of phantom pain that results bom amputation of an 
eactremity. In addition to treatment of pain, the compounds of the invention 
are also expected to be useful in indurmg a nes thesi a , eidier general or local 
ancsthrsia, for example, during surgery. 

Tte compounds of the insent invention also find utility in treating 
t ifi tf ^Pf>Vfi in particular, nugraine headaches in mammals . The migraine 
h ffm farft ftff are typically the result of cortical sfveading depression (CSD). In 
a preferred embodhnent of this aspect of die present invention, haloperidol 
analogs having a comparatively low afiBnity for the NMDA receptor, that is 
a binding afiBnity of about 100-fold less the than die binding affinity of MK* 
801, are enq)loyed to treat headaches. It is expected that these low affinity 
compourids will possess an advantageous time-course and toxicity profile. 



96/02250 



PCrAJS95A)9191 



^9- 

It is e^)ecially suited for the treatment of hea dache s. Specifically, these 
compounds are expected to have a rapid onset of action, in the range of less 
than about 30 minutes, and a predictable dose-related duration of action. 

The compounds of the present invention also find utility in treating 
glaucoma. In particular, the compounds reduce ghnamate-indnoed 
excitotoxicity, thereby reducing the loss of retinal ganglion cells resulting 
from such excitotoxicity. Thus, this abject of ttie present invention is useful 
for the reduction or prevention of damage to retinal ganglion cells and dieir 
axons comprising the optic nerve in glaucomatic subjects. See^ PCT 
application No. WO 94/13275. published June 23. 1994. 

The subunit-selective NKfDA receptor antagonists, agonists and 
modulators m^ be tested for in vivo anticonvulsant activity after 
intraperitoneal injection using a number of anticonvulsant tests in mice 
(audiogenic sdzure model in DB A-2 mice, penty leDetetrazol-induced seizures 
in mice, maximum , electrodiock sdzure test (MES) or NM^ 
death). The compounds may also be tested in dru^ discrinunaticm tests in 
rats trained to discriminate PCP from saline. It is expected that most of tbc 
compoimds of the present invendon will not generalize to PCP at any dose. 
In addition, it is also expected that none of the compounds will produce a 
bchavimal excitation in locomotor acdvity tests in the mouse. It is expected 
that such results will suggest that the subunit-selective NMD A rece p t or 
antagonists and agonists of the present invention do not ^ow the PCP-like 
bdiavioral side effects that are common to NMD A channel blodcers sudi as 
MK-801 and PCP or to competitive NMDA antagonists such as CGS 197SS. 

The subunit-selective NMDA receptor antag<Musts and agonists are 
also expected to show potent activity in vivo after intraperitoneal injection 
suggesting diat these compounds can penetrate the blood/brain barrier. 

Thus, the present invention is directed to compounds having high 
binding to a particular NMDA recqnor subunit and low binding to other sites 
such as dopamine and other catecholamine receptors, and a sites. According 
to the presem invention, those compoimds having high binding to a particular 



wo 96/02250 



PCTAJS95A)9191 



-50. 



NMDA subunit exhibit an IC30 of about 100 or less in an NMDA 
subunit binding assay {see die Exan^les). Preferably, the coxnpotnids of tte 
present invention exhibit an IC30 of 10 or less. Most prefienbly, the 
compounds of the present invention exhibit an IC50 of about LO ^M or less. 
5 The anxiolytic activity of any particular conqx>und described herein 

may be detennined by iise of any of the recognized animal modds finr 
anxiety. A prefened model is described by Jones, B J. el oL, Br. J. fhar-- 
macoL 95:985-993 (1988). This model involves administering the commoond 
in question to mice vMch have a hi^ basal level of anxiety. test is 
10 based on Ae finding that such mice find it averave i^dien takm 

home environment in a dark testing room and pitted in an 
paflinled vttote and briglitly Kt Tte 

flfvl VrigK^^y M«A mA mifwi'lhfmifMfi*ri The nuntse has 

access to both c umpaitm cnts via an (qiening at floor levd in the divider 
,15 ' : i between tf^^ two umit«iu ucnts,^ nuw air 

briery ilhtminated area. After locating ibt opening to Ae dark area, the 
mice iffe fiee to pass back and forth between tiie two c ompam ncnts. ContrDl 
mice tend to ^>eod a larger proportion of time in the daik compartment 
When g^ven an anxiolytic agent, the voice spend more time explmng the 
20 more novd brightly Ut compartment and cxhilnt a ddayed latency to move 

to the dark oon^iartnwnt Moreover, the mice treated vri&i &e anxiolytic 
agent exhibit more behavior in tlie white conqsartment, as m e asu red by 
exploratory rearings and line crossings. Since die mice can habituate to the 
test situation, naive mice should always be used in the test Five parameters 
25 may be measured: the latency to entry into the dark compartment, the time 

spent in each area, the number of transitions be tw ee n compartments, the 
number of lines m>ssed in each conqMtrtn^t, and ibt number of rears in 
each oonq>artment The administration of the compounds of die present 
invention is eaqsected to result in the mice spending more time in die larger, 
30 biighdy lit area of tiie test diamber. 



96A)2250 



PCT/US95A>9191 



-51- 

In the light/dark exploration model, the anxiolytic activity of a 
putative agent can be identified by the increase of the numbers of line 
crossings and rears in the light compartment at the expense of die numbers 
of line crossings and rears in the daric compartment, in comparison with 
control mice. 

A second pi e fe r r ed animal model is the rat sodal interaction test 
described by Jones, BJ. ei al., svpra, wherein tiie time that two mice ^«id 
in social interaction is quantified. The anxiolytic activity of a putative agent 
can be identified by the increase in the time that pairs of male ifats spexid in 
active sodal interaction (90% of the behaviors are investigatory in nature). 
Both the £Bmiliarity and the light level of the test arena may be manipulated. 
Undrugged rats the highest level of social interaction when the test 
arena is fiomiliar and is lit by low light Sodal interaction Hrrlinrs if the 
arena is imfamiKflr to die rats or is lit by brigiht li^ Anxiolytic agents 
mcvent tiiis decline. The overall levd of motor activity may also be 
measured to allow detection of drug effects specific to sodal bdiaviors. 

The efficacy of ^ NMDA subuiut selective anlagonists to inhibit 
glutamate ncurotoxidty in rat brain cortex neuron cell culture system msy be 
determined as follows. An excttotoxidty model modified after that 
devdoped by Chd (Choi, D.W., J, Neuroscience 7:357 (1987)) may be used 
to test anti-exdtotoxic efiScacy of the antagonists. Fetuses fimn rat 
embryonic day 19 are removed from time-mated pregnant rats. The brains 
are removed from the fetuses and the cerebral cortex is dissected Cells from 
the dissected cortex are dissodated by a combination of m e c h a n ical agitation 
and enzymatic digestion according to the method of Landon and Robbins 
(Methods in Enzymology 124\A\2 (1986)). The dissociated cells are passed 
through a 80 micron nitex screen and the viability of the cells are assessed 
by Trypan Blue. The cells arc plated on poly-D-lysinc coated plates and 
incubated at 'iTC in an atmosphere containing 91% 0^/9% COj. Six d^s 
later, fluoro-d-uradl is added for two days to siqjpress non-neural cell 
growth. At culture day 12, the primary neuron cultures are exposed to 100 
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^M glutamate for 5 minutes or without increasing doses of antagonist 
or otbier drugs. After 5 mtn*^^ the cultures are wadied and incubated for 
24 hours at 37*C. Neuronal cell damage is quandtated by measuring lactate 
ddiydrogenase (LDH) activity that is released into the culture medium. The 
LDH acdidty is measured according to the mediod of Decker et aL (Dedcer 
ef aL, J, ImnamoL Methods 75:16 (1988)). 

The anticonvulsant activity of die antagonists may be assessed in flie 
audiogenic seizure model in DBA-2 mice as follows. DBA-2 imoe nuy be 
obtained fiom Jackson Laboratories, Bar Hubor, Maine. T1»e mioe^^ an 
age of <27 dqrs develop a tonic seizure withm 5-10 seconds and £e^MAien 
they are exposed to a sound of 14 kHz (sinus wave) at 110 dB (Lonsdale, 
Dev. Pharmacol Ther. 4:2i (1982)). Seizure protection is dcfoed when 
gfi^mttU injected with drug 30 minutes priOT to sound exposure do not 
devdop a seizure and do not die durmg a 1 minute exposure to die sound. 
21 ^ xA^m^ mice arc used for all cxpcr^^ 
inUapMitm i ca lly in etdier saline, DMSO or polyedijdeneglyooMOO. 
Appropriate solvent controls are included in cadi e3q>eriment Dose response 
curves are constructed by giving increaang doses of drug from 1 mg/kg to 
100 mg/kg. Eadi dose group (or solvent control) consists of at least ax 
animals. 

The anticonvulsant efiBcacy of die antagonists may be assessed in the 
pentylenetetrazol (PTZ)-induced seizure test as follows. Swiss/Web^ mice, 
when injected with SO mg/kg PTZ (i.p.) develop a minimal clonic seizure of 
ipproximately 5 seconds in length within 5-15 minutes after drug injecdon. 
Andconvuisant efficacy of an antagonist (or odier) drug is defmed as die 
absence of a seizure when a drug is given 30 minutes prior to PTZ 
i^licadon and a seizure does not develop for up to 45 minutes foUowing 
PTZ administiadon. The antagonist or other drugs are given intraperitoneally 
in eidier saline. DMSO or polycdiyleneglycol-400. Appropriate solvent 
controls are included in each experiment Dose re^xmse curves arc 
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constructed by giving increasing doses of drug from i mg/kg to 100 mg/kg. 
Each dose group (or solvent control) consists of at least six animals 

The efBcacy of NMDA antagonists to i^otect mice from NMDA- 
induced death may be assessed as follows. When mice are injected with 200 

5 mg/kg N-methyl-D-aspartate (NMDA) i.p^ animals will develop seizures 

followed by death within S-10 nnmites. The antagonists are tested for tiieir 
ability to prevent NMDA-induced death by giving the drugs Lp. 30 minutes 
prior to the NMDA i^lication. The antagonist or otfier drugs are ^vcn 
mtrq)eritoneally in eitiier '^line» DMSO or polyc^ylcnqglycol-400. 

10 Appropriate solvent controls are indudk^ljm esqierime&L Dose response 

curves are constructed by giving increaang^d^^ of from 1 mg/kg to 
100 mg/kg. Each dose group (or solvent control) "ooiis^ at least sbc 
animals. '.^9^^.^,, 

The series of different evaluations may be conducted on doses of tii^ 

15 NMDA an^oni^ of Ae invention to determine the biolo^cal actinty of 

ilfae compcHmds both in ncnrmal gcrbils and in aninrals exposed to S mbntfes 
of bilateral carotid occluaon. See Scheme I. 



wo 96/02250 



PCTAJS95W9191 



-54- 




O 



S 

i -s 

•s ,a 
■S 

a> 
O 



Urn 

o 

i 



^ <s <n 




wo 96/02250 



PCT/US95A)9191 



-55- 



These studies are conducted in animals who are consdous and have 
no other pharmacological agents administered to them. Gert)ils are 
preinstrumented 48-hours prior to ischemia to allow for the complete 
elimination of the pentobarbital anesthetic which is enq;)loy6d. When tested 
5 vnfix drugs, animals are ^ven IP injections of the NMDA anti^omst 

vehicle. In tfie case of multiple injecdons, animals are given IP iigections 
2 hours apart and the final injection is given 30 mtnutrs prior to d)e ischemic 
period or in the case of post treatment, the animals are givn injectioiis at 30 
minutes, 2 hours, 4 hours and 6 hcnnrs post*ischemic Tcper^aixm. 
10 In order to assess the direct pharmacological activity or potoitial 

activity of the NMDA antagcmists, naive gerbils are injected with ather 
:Sailine or <^ering doses of tfie antagonist The behavioral changes are 
asseissed using a photobeam locomotor activity chamber which is a two food 
drcular^ arena with i^kotobeam detection. Animals are individually 

15 ; ? p^^ in tfie 2 fiMt diametqr chainbi^ in a ; 

^ :G^^ is dosed and noise is abated uang bodi abackg^^ white 

: noise generator and a fan. Animals are placed in these chambers in the case 
of tiie initial pharmacolo^cal evaluation for a peziod of 6 hours and the total 
activity during each successive hour is ammmlatftd using the computer 
20 control systems. 

Saline results in an initial high rate of activity, with the control 
animals showing a first hour activity level of about 1600 counts. This level 
of control activity is typical for the gerbil under these experimental 
condidons. As the session p rogressed, animals decrease their exploratory 
25 activity and at the terminal period the activity declines to about 250 counts 

per hour. It is expected ibat the NMDA antagonists of the present invention 
will have no significant effect on either the initial exploratory rate or the 
terminal rate of exploration. 

In a next phase of tiie evaluation of the NMDA antagonists, gerbils 
30 are pretreated with varying doses of the antagonists and then exposed to a 

five minute period of bilateral carotid occlusion. Following the initiation of 
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repcrfiisioii, are placed into the circular locomotor activity testing 

appaiatus and the activity at the begiiming of the first hour following 
rqxrfiision is monitored for the subsequent four hours* 

Control animals not exposed to ischemia and given injections of 
saline prior to being placed in die locomotor activity chaniber show a 
cfaaracterisdc pattern of activity vAsidti in the first hour of locomotor activiQr 
is substantially higher than during all odier hours and p ro gressiv ely declined 
over die four hours to a very low vahie. In contrast to the pro^nes^ 
decline in activhy over die four hour testmg period, contrcri ammals ttui are 
€acposed to five minutes of cortical ischemia demonstrate a oraqdetdy 
dififercnt pattern of locomotor activity. During the first hour there is a 
figmfirnf decline iri activity is followed by a pr o gr e ssi ve ingease in 
wfaidi die acdyity during die fourth hour is ten-fold hi^ier than that 
dcmonstiated ty aniinals riot exposed to carotid oochwon These results are 
typfeal and are a id^ 
bilateral carotid ocdnsion in the geifaiL 

Separate groqis of gerbib are pret^^ 
of die invention 30 twinttfgg before fiie onset of carotid occhi&on and dien 
phMd mto die looomotxv activity following one hour of reperfiiaon* It is 
eaqiected diat pi e ueatm ent of die gerfoils widi die NMDA antagonists of the 
invention will prevent bodi die post-iscfaemic drcrease and increase in 
activity. Post4sdiemic decreases m activity are expected to be near zero 
during die first hour following reperfusion. Pretreatment widi the NMDA 
antagonists of the invention is expected to reduce or prevent this early 
dqncssion of behavior. In addition, the NMDA antagonists of the invention 
are e xp ec ted to prevent the post-ischemic stimulation of behavior. 
Subsequent to completion of die single dose pretreatment evaluations^ gerbils 
are also evaluated with multiple injections of die NMDA antagonists of the 
inventioa. Doses are administered IJ^. at 6 hours, 4 hours, 2 hours and 30 
minutes prior to the onset of S tninmg^g of isdiemia. 
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At 24 hours all animals are evaluated for differences in patrolling 
behavior using a 8-arm radial maze. In this procedure, animals are placed 
into the enter start diambo* of the maze, the barrier removed and die 
anx>unt of time and the number of times the animal makes an error iecorded 
S prior to completion of e3q)loration in all 8 arms of the maze. An enor is 

defined as the revisiting of an arm by entering to the extent of fbt entire 
body widiout including tail by the animal Uibt animal perse va c s or fiib 
to leave the arm for longer than five minutrs^ the session is toxninated. In 
the control population of die animals, the number of errors and exfdoration 
10 of die maze ^th no prior ejqierience (naive) is approximately 6 cnors* This 

is an avenge value for an N of 28 gerbils. Following S minutes of Inlateral 
carotid occlusion and testing at 24 hours, gerbils make an average number 
of errors of 21. When animals arc pretreated widi the NMDA antagonists 
of the invention, there is expected to be a agnificant reduction in the number 
IS of enors made. There is also oqpected to be a rigmficant sparing of die 

bduvicnral chmges diat are induced in Ibc raifial ann maze perfisimance. 

It is also expected diat post treatmem with the NMDA antagonists of 
die invention will reduce the short term memory inqxurment 24 hours post 
ischemic/rq)erfusi(Hi. 

20 The effects of S minutes of bilateral carotid ocdusion on neuronal cell 

death in die dorsal hippocanqnis mi^ be evaluated in animals 7 days after 
ischemia reperfuaon injury. Previous studies have demonstrated diat 
neuronal degeneration begins to occur around 3 days following cerebral 
i s chrmja By 7 days those neurons which have been affected and will 

25 undergo cytolysis and have either completed degeneration or are readily 

appaicnt as dark nucld and displarrd nuclei with eosinophilic cytoplasm 
with pycnotic nuclei. The leaon with 5 minutes of ischemia is essentially 
restricted within the hippocanqnis to the CAl region of the di^sal 
hippocampus. The intermedial lateral zone of the hom is unaffftcted and the 

30 dentate gyrus and/or in CA3 do not show pathology. Gerbils are 

anesthetized on day 7 following ischemia with 60 mg/kg of pentobarbital. 
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Biains are perfused transcaidiac v^tfa ice-cold saline followed by buffered 
parafonnaldehyde (10%). Brains are removed, imbedded aiul secdons made. 
Sections are stained with hematoxylin-eoan and neuronal cell counts are 
determined in terms of number of neuronal nudei/100 micrometers. Nonnal 
control animals (not expose d to isriwnia rqwribsion iignry) wfll not 
tf i» pyM Mmi> flig any sigmficant fhimpi in ^wirpiai denaty miclei inotUn tins 
r^ion. Esqxisure to five iniinitBS of Ulatenl carotid ocdusaon resnte 
significant reduction in the number of miclei piaent ni tbe CAl rq^cm.^ In 
general, tins lesion results in a patchy necroos instead of a confiiie& 
wfaicfa b seen if 10 minutes of iscfaentia is employed. Pietoealm cm with the 
NMDA antagonists of the invention are esqiected to produce a rignificant 
protecdon ibf hippocanqud neuronal d^c ae ra ti o n. 

It is known Aat NMDA r ccqi to r s are critically invdved in flie 
development of persstenl pain following nerve and tissue iigury. 
imtiry sucli as tiiat cauwd by injecting a small amoart of 
snbcuta^^ mtt>diehnid^of atutantmal^ib^ 
an iynffntMmtft increase of ghitamate and aqmrtate h&the s{nnal cord (SkUline» 
SJU eSoL, J. NeuroscL i(?:1309-1318 (1990)). Administradon of NMDA 
recqitor blockers reduces the r eapooae of spimd cord dorsal bom neurons 
following formalin ii^ection (IXckenson and Aydar, Newvsdmce Lett. 
12126^266 (1991); Haley, ei oL, Brain Ees. 518-21^216 (1990)). 
These dorsal bom neurons are critical in carrying Ac pain signal fiom Ae 
^mud cord to tbe brain and a reduced response of tbese neurons is indicative 
of a reduction in pain perodved by 1bc test animal to vAsiclk pain has been 
inflicted by subcutaneous formalin injection. 

Because of die observation diat NMDA receptor antagonists can block 
dorsal hom neuron response induced by subcutaneous formalin iiyecti0n, 
NMDA r e ce p tor antagonists have potential for Ibc treatment of chronic pain 
such as patn v4uch is caused by surgery or by amputation (phantom pain) or 
by infliction of other wounds (wound pain). However, ti^ use of 
convendonal NMDA antagonists such as MK-801 or CGS 197SS, in 
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preventing or treating chronic pain, is severely limited by the adverse PCP- 
like behavioral side effects that are caused by these drugs. It is expected Hist 
the NMDA receptor antagonists that are the subject of this invention will be 
highly effective in preventing chronic pain in mice induced by injectmg 

S formalin subcutaneously into Ae hindpaw of the animals. Because die 

NMDA lecqitor antagonists of this invention are expected to be free of PCP- 
like side effects, ihese drugs are highly useful in preventing or treating 
chronic pain without causing PCP-like adverse behavioral side effects. 

The effects of die NMDA recqitor ant^^cHU^ of^ die present 

10 invention on pain may be evahiated as follows. Male SwissAKfebster mke 

weighing 25-35 grams are housed five to a cage with free access to food mi 
\ma and are maintained on a 12 hour light cycle (Ug^t cmset at 080(Hi). 
The NMDA receptor arttagonist is dissolved i^ 

i-40 and 5-40 mg/mL, respectively. DMSO is used as vdtide ocmtroL AU 

15 dntgs are injected hxtrq)eritoneaUy (I 

as di»crib^ CDubii^ aad Dcanis, Pain -#iI161-174 (1977)). Nficc are 
obsoved in a plenglass cylinder, 25cm in diameter and 30cm in hdghL The 
plantar sor&ce of oiie hiiu^saw is injected subcutaiieously wi 
fomudin. The degree of pain is determined by measuring die amount of time 

20 die animal spends licking the formalin-injected paw during the following 

time intervals: 0-5' (early phase); 5'-10\ 10 -15' and 15'-50' (late phase). 
To test whedier the NMDA recqxor antagonists prevent pain in the test 
nnittiftU vdiicle (DMSO) or drugs dissolved in vehicle at doses of Img/kg 
to 40mgAcg are injected intnq)eritoncally 30 minutes prior to die formalin 

25 injection. For each dose of drug or vehicle control at least six animals are 

used. 

Compared to vehicle control, it is expected that the intraperitoneal 
injection of the NMDA receptor antagonists 30 minutes prior to formalin 
injection into the hinc^w will significandy inhibit fonnalirk-induccd pain in 
30 a dose-dependent marmer as detemuned by the reduction of the time spent 



PCT/US95W191 



-60. 



licking by tiie mouse of the formalin injected hiw^Krw caused by increasing 
doses of NMDA receptor antagonisL 

It is known that ccHtical ^neadis^ dqncssion (CSD) can be blocked 
by competitive and noncoiiq)etitive NMDA antagonists, suggesting diat 
NMDA receptor mechanisms mediate fbc initiation and/n propagation of 
CSD (Marannes er oL, Bntn Res 437t226-7A0 (1988)). Ohdamate lecqHor 
blockade also exerts an effect cm anoxic dqwlariiBtion and CSD (Laoritzen 
eioL, J. Cereb. Blood Flaw Meiab. I2i223'219 (1992)). llms^ NMDA- 
mediated neurotransmisacm iq^ipeais to be essential for ibt propagation of 
CSD and iqHtmi tff an imp og tant tw^'JiMi"M» in migraine headaches. 

CSD is elidted by intracortical micnmyection of IM KQ (ISO nl) in 
anesthctizBd lats and die propagatkm rate is detenmned by montonng the 
fayperemic response associated widi CSD along tte qmlatenl parietal ooitex. 
The dectroe nc ephalogram (EEG) is also mooitofed c nntimmll y m, eadi 
apcnra^ cjqwiment8,CSI^,.^cte 

nun) reducdon in total EEO power and the CSD propagation late does not 
dumge agnificanily over a 4 hour observidon period when CSD is eynked 
at 30 nun intervals. NMDA receptor antagcnnsts cause dose^dated 
inliihttitm of tiic EEG suppresson and coitical hyperemia assodated with 
(SD, and reduce die CSD [ffcpagalicm rate. High afBnity NMDA iccqitor 
anfngmrists have a delayed onset of acdon (inveraety related to dose) and a 
prolcmged duration of actkm at all doaes (2 h). In contrast, low affinity 
NMDA receptor anta go nis ts have a rapid onset of action (30 mm) and a 
predictable dose-related duration of acdon (PCT Application WO9S/06468» 
pd)li^ March 9, 1995). 

The efifects of a particular NMDA recqitor antagonist on migraiiie 
hH'^ H^**^ caused by CSD m^ be cvahmted as follows. Changes in die 
pn^M^on rate, EEG power and cortical perfuaon (CP) are determined m 
anesdiedzBd rats. Male Sprague-Dawiey rats wrighmg 350-375 g are housed 
m adiennally controUed (25^C), 12-hour light-cyded (Kg^ onset at 0600h) 
laboratory animal fadliQr widi fiee access to food and water until die dqr of 
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experimentation. All drugs are prq>ared in saline and administered by the 
intravenoiis route in volumes not exceeding 0.3 ml. The general surgical 
procedure has been described previously (Wllettc et al,y Stroke 27:451-458 
(1990)). Briefly, surgical anesthesia is induced with 2.5% isofhirane in 
5 100% O3. The left femoral artery is cannulated with polyethylene tulnng for 

the continuous measurement of arterial blood pressure and periodic sampling 
of arterial blood gasses. The femoral vein is pr ep ar ed sunilariy for die 
intravenous administration of drugs. A tradieostomy is poformed and the 
isoflurane anesthesia is discontinued. Anesthesia' is' ttni Inriaintmned by 
10 slo^y administering pentobarlntal 0O^ae/fkg, Lv.) over die next 10 mimites. 

This prxx^fatre provides stable ariesth^aSfcnr^ at least 1 hour. Lidocaine 
ointnknt (5%) is applied to the femoral and ccrnc»^^^^ prior to 
closing with wound dips. Anesdieria and a stable blood heart 
fate are maintained for qyproximately 3-4 hours by ^idntuiL^^ 
15 :>^si^^ doses (Of pentobar^ i.i^) 30 

Ji^ frh rat Ik placed prone in a Stereotaxic instrument iPKI. Ti^unpL 
Califonua) and is seemed in a flat skull positicm. A smidl thennostadc 
heating pad is placed beneath the abdomen to maintain rectal temperature at 
37-39*C. The right frontal and parietal bones are exposed and rostral, 
20 intermediate and caudal burr holes (2 nun dia.) are prepared with the dura 

intact Each rat is then paralyzed with tubocurarine (1 mg/kg, i.v.) and 
ventilated artifidally widi a rodent a^nrator (Harvard Apparatus, South 
Natick, Massachusetts) at a rate of 75 breaths per min and a volume of 3-4 
ml/breath. Automated blood gas analysis is performed periodically and 
25 ventilation parameters are adjxisted to maintain arterial PaCOj* PaOj and pH 

widrin the ranges of 33.5-38 mm Hg, 75 mm Hg and 7.35-7.45, respectively. 
Micromarnpulators arc used to place Laser-Dopplcr Flowmctry (LDF) needle 
probes (LF21, Transonic Systems, Inc. Itaca, NY) 4 nun apart in the 
;tr>fn*vi;at#> aud rostral cranial windows and local cortical perfusion (CP) is 
30 monitored continuously. The stainless sted housing of ea^ probe is used 

for recording the EEG. EEG power is determined between 1 and 16 Hz as 
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describcd previously (WiUcttc ei aL, Stroke 23:703-711 (1992)), A third 
micromanipulator is used to poation a glass micropipette (40 |un O J>) 
0.5 mm bexMOh die cortical surfoce in the caudal cranial window. Following 
a 20-30 minute acclimation period, CSD is elicited by miooiigecdng IM 
KCl (ISO nl) at the caudal site. Vcincle or drugs are administered 
intravenously after the dectrical and cerebrovascular effects of the iindal 
CSD have subaded (8-10 inin after KQ miooii^ection). The inicroin|ectian 
of KCl is then repeated every 30 min for at least 2 hours and ^ dmnges in 
CP, EEC power and prv^Mgation rate associated with CSD are detenmneo. 

Mutdple comparisons widi control vahies are evaluated widi ANOVA 
for repeated measures followed by post hoc analy^ with the Bonfemmi 
twcHailed / test (Wallenstein et aL, Ore Res. ¥7:1-9 (19ro)). The dose 
needed to came a 50% reduction m the CSD propagation rate (ED,o) is 
detamined graphicaUy. All sununary values are expressed as nacan ± SEM. 
and difiomses are c^ansidercd significant itt pi OJM^ ; 

£ T^ microiigecdcm (150 bl) of KQ (IM) didts 1^ hi the 

fat CSD fa associated wifli a dight rw 

luge trmaent hyperemia and a delayed prolonj^ (approsdnudtdy 30 inin) 
oUgemia (approximately 20 leducdon in CP). A reduction ni the EEG 
power, particularly at the higher fiequcmacs (>4 Hz), accompanies the 
hyperanic response. Witii die excqition of die oligemic phase, wtuch fa 
observed only after the initial CSD, die t e^pwaes as sod atrd with CSD are 
hi^ lepfoducible yibcn elidted witii KQ at 30 min intervak for up to 4 
hrs. No significant effects on arterid blood pressure or heart rate are 
obstrved. 

The delay m the onset of die fayperemic re^xmse between the caudd 
and rostrdLDF probe is used to cdculate the rate of CSD propagation. The 
basd propagation rate was 3.7±0.12 mm/min. In vdiidc (saline) treated 
«>Wnftig die rate of CSD propagation does not change si gn i fi ca ntly when 
evoked rqieatedly over 4 hrs. Compared to vehicle control, h fa expect 
diat the intravenous administration of the NMDA receptor a nt ago n ists will 
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significantly inhibit KCl-induced EEG suppression and cortical hyperemia 
associated with CSD, and reduce the CSD propagation rate. 

Compositions within the scope of this invention include all composi- 
tions wherein die compounds of the present invention are contained in an 
amount which is effective to achieve its intended purpose. While individual 
needs vary, determination of optimal ranges of effective amounts of each 
component is within the skill of the art Typically, the conq>ounds may be 
administered to ^p^"*™"!^. e.g. humans, orally at a dose of 0,0025 to SO 
mgAcg, or ah equivalent amount of tbe phankacaidca^^^ salt 
thereof; per day of the body weight of the mammal being treated for amde^r 
disorders, e.g., generalized anxiety disorder, phobic disoird^ bbsessioiud 
compulave disorder, panic disorder, migraine headache and post traumatic 
stress disordro.^^^^^^^P^^ about 0.01 to about 10 ing/kg is orally 
adinixiistaed to trnt or prevnt such disorders. For intzamusralar injection, 
: the dose is generally a^^ of the oral dos». l^^ 

tt^^ of amde^, a suhable intramuscultf^^ d^ 

about 0.0Q2S to about 15 mg/kg, and most preferably, from about 6.01 to 
about 10 rc^/kg. 

In die method of treatment or prevention of neuronal loss in ischemia, 
brain and s^nnal cord trauma, hypoxia, hypoglycemia, and surgery, as well 
as for the treatment of Abdieimer*s disease, amyotrophic lateral sderoas, 
Huntington's disease and Down^s Syndrome, or in a mediod of treating a 
disease in which the pathophyaology of the disorder involves hyperactivity 
of the excitatory amino acids or NMDA receptor-ion channel related 
neurotoxicity, the pharmaceutical compositions of the invention may 
con^irise tbc compounds of the present invention at a unit dose level of 
about 0.01 to about 50 mg/kg of body weight, or an equivalent amount of the 
pharmaceutically acceptable salt thereof, on a regimen of 1-4 times per day. 
AVhen used to treat chronic pain or to induce anesthesia, the ccnnpounds of 
the invention may be administered at a unit dosage level of from about O.Ol 
to about 50mg/kg of body weight, or an equivalent amount of the 
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pharmaceudcally acceptable salt thereof; on a regimen of M times per d^. 
Of comse, it is understood that tbc exact treatment level will dqmd iqxm 
the case histoiy of the animal, e.g., humm being, that is treated. The precise 
treatment levd can be determined by one of ordinary skill in die art witfaofot 
undue e xp e rim entation. 

The imit oral dose may oonqvise firom about 0*01 to about SO mg, 
preferably about 0.1 to about 10 mg of the confound The unit dose may 
be administered one or more times daily as cme or nxxe tablets each 
containing firom about 0.1 to about 16, convenienlly abilmt OJtS to SO of 
the coixq)ound or its solvates. 

In the method of treating glaucoma, in pardcular the mkution or 
prc y cnti wi of damage to retinal ganglion cells and Aeir axcms conoprisng the 
optic nerve, the pharmaceutical conqxmticKis of Ae invention may coirqxise 
the MnoD^^^ the present invention at a unit dose leyel of about 
0.01 SO msAcg of body weidit, on a repmen of M times per day. The 
ooi^cra»ds'^a^^^ admini^eard tppoially, oi:^ or inttan^^ 

: Wl^e ind^dual i^eds vary, detennination of optimal ranges bf efi^^ 
anxyuodts is i?^n^^ 

In addition to administexing the conqxmnd as a raw rhrmical, tiie 
conqxnmds of the invention may be administered as part of a pharmaceutical 
preparation rAn!»<«^"E suitable {Aiarmaceutically accqptable carriers 
compriring exciinents and auxiliaries which fodlitate procesnig of Ibe 
coaqtouods into prepa r a tions which can be used fduBmaeeuticaUy. 
Preferably, the preparations, paiticulariy those p tepar a t i o ns vAudi can be 
adnumstercd orally and vliich can be used for the prefened type of 
administratum, such as tablets, dragees, and capsules, and also preparations 
which can be administered rectally, such as suppoatmies, as well as suitable 
sohiti(»s for administration by injection or orally, contain from about 0.01 
to 99 percent, preferably from about 025 to 75 percent of active 
coaqK>und(s), togedier widi die exdpient 
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Also incliided within the scope of the present invention are the non- 
toxic pharmaceutically acceptable salts of the compounds of the present 
invention. Acid addition salts are formed by mixing a solution of the 
particular NMDA subunit selective antagonist or agonist of the present 
invention with a solution of a pharmaceudcally acceptable non-toxic add 
such as hydrodiloric acid, fumaric acid, maleic add, succinic add, acetic 
add, dtric acid, tartaric add, carbonic add, phosphoric acid, oxalic acid, and 
the like. Basic salts are formed by mixing a solution of the particular 
haloperidol analog of the present invention wi& a'^isioluti a 
phannaceutically acceptable non-toxic base such as sodium l^droxide, 
potassium hydroxide, choline hydroxide, sodium carbonate and the like. 

The pharmaceutical compositions of the invention may be 
administered to my animal which may e xp erience the benefidal cfifects of 
iht compounds of the invention. Foremost among such animals are 
- -' ^ E i although ^ invention is not tntnded to be so 

'limited.;'' ^ S^h^'-' 

The pharmaceutical compositions of the present invention may be 
administered by any means that achieve their intended purpose. For 
example, administration may be by p ar en t eral, subcutaneous, intravenous, 
intramuscular, intrqnitoneal, transdermal, or buccal routes. Altemativdy, 
or concurreody, administration nu^ be by the oral route. The dosage 
administered will be dependent vpon &e age, health, and wcig^ of tfie 
redpient, kind of concurrent treatment, if any, frequency of treatment, and 
the nature of the effect desired. 

The pharmaceutical preparations of the present invention are 
manu&ctured in a manner which is itself known, for example, by means of 
conventional mixing, granulating, dragee-making, dissolving, or lyophilizing 
processes. Thus, pharmaceutical prq>arations for oral use can be obtained 
by combining the active compounds with solid exdpients, optionally grinding 
the resulting mixture and processing the mixture of granules, after adding 
suitable auxiliaries, if desired or necessary, to obtain tablets or dragee cores. 
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Suitable excipicnts are, in particular, fillers such as sacciiarides, for 
exaiiq)le lactose or sucrose, mannitol or sorbitol, cellulose prepaiations and/or 
calcium phosphates, for example tricalcium phosphate or calcium hydrogen 
phosphate, as well as binders such as starch paste, using, for example, mmze 
starch, wheat starch, rice starch, potato starch, gelatin, tmgnranth, methyl 
cellulose, hydroxypropyhnethylcelhitose, sodium carbojqmsettrylodlalose, 
and/cMT polyvinyl pyirolidone. If deared, disint^;ratxng ageats may be added 
such as the above-mentioned starches and also carboxymed^l-starcfa, cross- 
linked polyvinyl pyirolidone, agar, or algisdc add or a sah tii^^ 
sodmm alginate. Auxiliaries are, above all, flow-rq:ulating t^ents and 
lubricants, for example, silica, talc, stearic add or salts thefcof; such as 
inagneshmi stearate or caldum stearate, and/or polye&ylene glycol. Dragee 
cores are provided with suitable coatings wfaidi, if deared, aire leastant to 
gastric juices. For this purpose, concentrated sacdiaridr sohiticms nuy be 
used, which may optionally contain gum aratnc* talc, pdyvinyl pyrroUdcne, 
polyediylene glycol md/or titanium Aoxide, lacquer aofaitians md suhrite 
OTgamc solvents or solvent mixtures. In order to ptodacc coatings resistant 
to gastric juices, solutions of suitable celliilose preparations such as acetyl* 
cdlulose pfathalate or hydroxypropymetfayl-cellulose phthalatr, are used. Dye 
gtitffc or pigments may be added to the tablets or dragee coatings, for 
exanqile, for identification or in order to characterize combinations of active 
compound doses. 

Other pharmaceutical preparations which can be used orally include 
pusfa-fit cqxsules made of gelatin, as well as soft, sealed cquules made of 
gelatin and a plastidzcr such as glycerol or soibitoL The pu^fit capsules 
^ mnj ft die acdve conqxnmds in the form of gramiles ^ndiich may be 
mixed with fillers such as lactose, binders such as stardies, and/or lubricants 
sudi as talc or m?gn^wn stearate and, optionally, stabilizers. In soft 
capsules, the active coiiqx>unds are preferably dissolved or saspcnded in 
suitable liquids, such as fatty oils, or liqtiid paraffin. In addition, stabilizers 
may be added. 
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Possible phannaceutical preparations which can be used rectally 
include, for example, suppositories, which consist of a combination of oat 
or more of the active compounds with a suppository base. Suitable 
suppository bases are, for exanqple, natural or synthetic triglycerides, or 
5 paraffm hydrocarbons. In addition, it is also possible to use gelatin rectal 

cq»ules vMch consist of a combination of the active compounds wiih a 
base. Possible base mntrrials include, for example, liquid triglycerides, 
polyethylene glycols, or paraffin hydrocarbons. 

Suitable formulatioris for parenderal adminiistraddi 'inchid^ 
10 solutions of the acdve compounds in water-soluble form, for exan^le, water- 

soluble salts and alkaline solutions. In addition* suq[)ensions of the active 
. cbnq)bunds as approp r i ate oily injection suspensions may be administered. 
Suiitel>le lipophilic solvents or vehicles include fatty oils, for cxanq)le, sesame 
^ tbU, or synthetic fsxty add esters, for example, ethyl oleate or In^ycerides or 
15 ii^^^^ conqpoiE^ are soluble in PEG-4pO). Aqueous 

J'^^^^^ v^kh increase^ 

^^^^^^^v for exanq>le, sodium carboxymediyl cellulose, 

sorbitol dextran. Optionally, the su^)cnsion may also contain 

stahiliTTTS. 

20 The diaracterization of NMDA subunit binding sites in vitro has been 

difBcuh because of the lack of selective drug ligands. Thus, the NMDA 
ligands of the present invention may be used to characterize the NMDA 
subunits and their distribution. Particularly preferred NMDA subunit 
selective antagonists and agonists of the present invention wfaidi may be 

25 used for this purpose are isotopically radiolabelled derivatives, e.g. where 

one or more of the atoms arc replaced with ^H, "C, '^C, '*N, or '"F. 

The following examples are illustrative, but not limiting, of the 
method and conqx>sitions of the present invention. Ottier suitable 
modifications and adaptations of the variety of conditions and parameters 

30 normally encountered in clinical therapy and which are obvious to those 

skilled in the art are v^rithin the spirit and scope of the invention. 
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Examples 

Example 1 Binding Assays at NMDA receptor subunits 

Preparation of RNA. cDNA clones encoding the NRl A, NR2A, 
NR2B, NR2C and NR2D rat NMDA receptor subumts were provided by Dr. 
P. R Secburg {see, MoriyosW et al.. Nature (Land) 35431-37 (1991); 
Kutsuwada et aL, Nature (LoruL) J5ft36-41 (1992); Monyer er iiiL. 
OVashington, D.C) 256:1217-1221 (1992); Ikcda et aL, FEBS Lett 
J/J:34-38 (1992); Idiii e/a/„ J. Biol Ghent 2«:2836.2843 (1993) for 
details of these clones or their mouse homologs). The clones were 
transformed into appropriate host bacteria and plasmid preparations were 
made with conventional DNA purification t cchn iq nrs A sample of eadi 
done was linearized by restriction enqrme digestion and cRNA was 
synthesized wifli T3 RNA polymerase. The cRNA was dihited to 4Q^ 
and stored in 1 aliquots at -8(PC undl iigecticm. 

ne Xenopns oocyte expression system. Mature female Xenopus 
laevis were anaesthetized (20-40 mm) using 0.15% 3-amiDobenzoic acid 
ethyl ester (MS-222) and 2-4 ovarian lobes were surgically removed. 
Oocytes at developmental stages IV-VI (Dumont, J.N., J. MarphoL 735:153- 
180 (1972)), were dissected from Ae ovary still sonounded by envdofring 
ovarian tissues. Follicle-enclosed oocytes were micro-injected widi 1:1 
mbcturcs of cRNA:NRl A + NR2A, 2B, 2C or 2D; iigecdng -2. 5, or 20 ng 
of RNA encoding each recqitor subunit NRl A encoding cRNA was 
injected alone at -20 ng. Oocytes were stored in Barth's medium containing 
(m mM): Naa ««; KCl, I; CaQ^ 0.41; Ca(NO,)j, 0J3; MgS04, 0.82; 
NaHCOj, 2.4; HEPES 5; pH 7.4, with 0.1 mg/ml gcntamydn sulphate. 
While oocytes were still surrounded by enveloinng ovarian tissues the 
Barth^s medhmi was supplemented with 0.1% bovine serum. Oocytes were 
defolliculated 1-2 days following injections by treatment with collagenase 
(0.5 mg/ml Sigma Type I for 0.5-1 hr) (MUcdi and Woodward, J. Physiol, 
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(Lond.) ^75:601-621 (1989)) and subsequently stored m serum-frce medium. 

Electrical recordings were made using a conventional two-electiode 
voltage clamp (Dagan TEV-200) over periods ranging between 3-14 days 
following injection. Oocytes were placed in a 0.1 ml recording chamber 
continuously perfused (S-IS ml min'') widi frog Ringer's soluticm containing 
(in mM): NaCl, 115; KCU 2; CaClj. 1.8; HEPES, 5; pH 7.4. Drugs were 
allied by bath periusioiL When using the more rapid flow rates, half-times 
for mid-chamber solution changes were between 2-3 sec, howe^ exchange 
rates for drug solutions at the bocy&l^surfrice (i.e. beneath the vitelline 
envelope and among the tangles of micmi^i^^^ considerably 
longer (Woodward era/., Mol Pharnuicol^^i^^^ Zero- 
Ca^/Ba^ Ringer had the composition (in mM): NaCl, 115;3lCCa, BaQj, 
1.8; HEPES, S; pH 7.4. Intraoocyte injections were made pneumatic 
pressure-pulse ejection from nucrppipettes (Miledi and Parker, J. PkyshL 
(LomL) 357:173-183 (1984)). Iigection sohitions of EGTA (40-400 mM) and 
BAFTA (50-500 mM) were made up in HjO, pH adjusted to 7.4 wi& KOH 
or HCl, and filtered to minimize pluggmg (Acn>disc-13, 0.2 ^M). Pressure 
was set between 200-400 kPa. The volume of injections was regulated by 
adjusting the time of pulses (0.1-1 sec) and was estimated by measuring the 
diameten of gected droplets. 

Data Analysis. The logistic equation (equation 1) was fit to the data 
for individual concentration-response relations by adjusting the slope factor, 
n, and the parameter pECjo; pECjo = -log EC50 vAiere EC50 is the agonist 
concentration diat produces half the maximum response (De Lean et aLj Ant 
J. PhysioL 2J5:E97-E102 (1978)) (Origin: Microcal Software). 

= 1/(1 ^{lO-'^^llagonistW) Eq. 1 

Concentration-inhibition cinves were fit with equation 2. 
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in vdiich I,,^ is tiie cuncnt evoked fay agonists alone, pIC^o = -log IC^ IC50 
is tlie concentration of antagonist that pnxiuces half maximal inhibition, and 
n is the slope factor. For inoraiidete curves analysts by fitting was 
unreliable and IC^o values were calculated by sinq>le regression over linear 

5 portions of the curves (Origin: ^cracal Software). 

Drugs. Haloperidol (1); trifhqieridol (7); ifenprodU (8); X 4-<4- 
dilorophenyl>-4-hydroxyptpcridine (haloperidol metabolite I/RISIS); 3, 3-(4* 
fluorobeQZDyl)propionic add (haloperidol metabolite IQ/Rl 1 302); 5, (l)-4-[4- 
(4-chiorophenyl)-4-hydroxypiperidinyl]-l-(fluorophenyl)-l- 

10 butanol (haloperidol metabolite IIAeduced haloperidoO; ^ 6, 4*[4* 

(chlorophenyl)^-h^ 

(haloperidol chlorinated analog^! 854) were fiom Research Biochemicals 
Inc* (Nalidc, MA). 12, 4-beo2ylpipexidine and 4, 4-GUofO-4'- 
fiudfobutyrophenone were from Aldrich. All other drugs were from SignuL 

IS 9, 10, and 11 were synthesized in-house (se^, the Examples bdow). 

Drugs were initially dissolved at concentrations of 10-100 mM in 
DMSO. Dilutions were then made to generate a series of DMSO stock 
solutions over the range 10 to 100 mM. Working solutions were made 
by 1000-3000 fold dilution of stocks into Ringer. At these dilutions DMSO 

20 alone had no measurable effects on membrane current responses. Ifenprodil 

stock soluti(ms were in H^O. DMSO stodc solutions of haloperidol and 
related conqpounds, and HjO stodc solutions of ifeqvrodil, were stored fiir ixp 
to two wedcs in the daric at 4®C widiout qyparent reductions in potency. 
Ringer solutions of drugs were made up fre^ each day of use. 
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Results 

fig. I depicts saii^)le records illustrating inhibition of NMDA 
receptor currents by haloperidol in an oocyte expressing the NR1A/2B. The 
holding potential was -70 mV. Response amplitudes for pharmacological 

5 assays were measured imder steady-state conditions during tiie seccmd, or 

plateau, fdiase of the response. Inward current is denoted by downward 
deflectioiL Drugs were applied as indicated by bars and dead-time of the 
perfusion system was iq^proximately S s. To minifniyi! rundown of responses 
exposureis to agonists Were sq>anited by 5-10 min intemli^o^ 

10 F^. 2 depicts concentration-inhibition curves comparing the 

sensitivities of four subimit combinations of cloned NMDA ^receptors to 
haloperidol; experimet^ were carried out as described for Fig. 1. In tfiis and 
all following graphs data points are the mean ± S.D. with currnts cjyressed 
as a fraction of tontrol responses: NR1A/2A, cunnents didted^^^b 10 

IS ;g^ 100 jiM^i^^ 

: ;gtydne .md ■ 100 |iM. e^utanute^ ■...'[ ■'■//'.. .-'.' '■ - ' 

^^.'^■ ■Figs.^ 3A and 3B dq)iGt the efiects of haloperidol on omcent 
reqranse airves for glycixie and glutania^ 

Fig. 3A depicts A glycine concentration-response curve; glutamate fixed at 
20 100 ^M. The EC,o foi* glycine under control conditions was 0*25^ ± 0.01 

(mean ± SJ).)- Haloperidol (5 ^M) reduced maximum reqxmses by 61 
± 6% and this inhibition was associated with a reduction in EC^o to 0.19 
±0.02 ^M. Fig. 3B depicts A glutamate concentration-response curve; 
glycine fixed at 10 ^M. Under control conditions, the EC50 for glutamate 
25 was 1.6 ± 0.2 ^M. Haloperidol reduced maximum responses by 55 ± 2%, 

and inhibition was associated with a reduction in EC50 to 1.0 ± 0.02 ^M All 
currents were normalized by expression as a fraction of maximum responses 
under control conditions prior to sq^lications of haloperidol. 

F^. 4 depicts the haloperidol inhibition of NRlAy2B responses 
30 measured at different holding potentials. Oocytes were ei^sed to a 

sanirating concentration of agonists (10 glycine and 100 glutamate). 
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Inhibition induced by 3 ^M haloperidol was measured on the established 
xespoDsc. The e3q)erimenis were repeated assaying levels of inhibition at 
different holding potentials (n = 4; * only one measurement). Levels of 
inhibition (expressed as a fraction of the control re^xmse) qppeared to show 
no dependence upon voltage over the range -1 10 to +10 mV. /itsef, sam|de 
records. Drug application bars: upper - agonists, lower * baloperidoL Scale 
bars: 100 nA (*100 and -70 mV), 50 nA (-40 mV), 20 nA (+10 mV), 2 mm 
(all records). To preclude activation of endogenous CI' currents oocytes were 
iqected with -200 pmoles BAFTA and recordmgs were ma^^ 
Ringer. 

f^. 5 depicts the kinetics of inhibition at NR1A/2B. On a pre- 
established response, inhibition, by 30 haloperidol shows a relatively 
rapid onset to a steady-state level, while wash follows a more complex 
timecourse consisting of IGast and dow conqxments. Simultaneous 
flpplkati<»i of agonists with 30 pM halqxfridol results in a brief a|nke of 
cuiieut* suggesting brief activation of cJiannris ^M^ucii are Aeo rapidly 
blocked Vy haloperidol. Pre tr e ati ng the oo^te widi haloperidol abolislies die 
of current indicating that the inhibitor is d>le to interact wiA tiie 
receptor prior to chatmel activation; i.e. diat it does not qipear to bdiave like 
an open-channel channel blocker. To preclude acdvatioo of endogencnis CX 
currents oocytes were injected widi ^^200 pmoles BAFTA and recordings 
were made in Ba^-Ringer. 

Fig. 6 depicts the concentraticm-inhibition curves conqsaring potencies 
of haloperidol, haloperidol, metabolites and related compounds at NR1A/2B 
subunit combinations. 

Fig. 7 depicts concentration-inhibition curves for 2 at four putative 
NMD A receptor subtypes. 

F^. 8 depicts concentration-inhibition curves for trifliq)eridol at four 
NMDA receptor subtypes, 

J^. 9 depicts concentration-inhibition curves for ifenprodil at four 
NMDA receptor subtypes. 
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Fig. 10 concentration-efrect curves for 13 at four NMDA receptor 
subtypes. Note that 13 causes potentiation of currents in oocytes expressing 
NR1A/2A receptors. Also note the limited efficacy inhibition of currents in 
oocytes expressing NR1A/2B receptors. NR1A/2C and 2D combinations 
5 were largely tmaffected. 

Example 2 The PoUncy Profiles of Haloperidol Analogs 

The structure-activity relationship for the suburiit-selectiw ai^ of 
haloperidol was examined by testing con^wtmds which are structurally 
related. These compounds were either conunercially available (e.g. Research 
10 Biochemicals Inc.). or were synthesized (see bdow). The results are ^wn 

in Table 1. 

Tabk L Smmmy of rtsmtL IC^vd^^ were determined by curve fitting 
to logistic eq^^ (see Examples) Dala is c xpmse d as tte mo^ ± SD. 
with the number of experiments in parentheses (each using a separate 
IS oocyte), otherwise n « 1 or 2. 
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176±23 (5) 


MOO 1 


1 6 


>100(2) 


125 ±3 (3) 


123 ±7 (3) 


>ioo 1 


7 


69±4(3) 


1.7 ±0.3 (3) 


> 100 (2) 


>100(3) 1 


8 


7.5±3.8 (3) 


0.2±0.03 (3) 


63±7(3) 


>100(3) 1 




100 


4 


>100 


>100(4) j 


1 10 


too 


6 


>100 


>100(2) 1 
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IC»Oim) 


Antagonist 


NRlA/rilUA 


MOI A/MP9D 
JMKl A/nnA0 


PlfVt A/I^AAV* 




11 


>100 


>100 


>100 


>100 


12 


30 


15 


>100 


>100 


13 


44±14% (3) 
(mn) 


7J±3^(2) 


3.7±2.1% 
(3)(nw) 


IIIM IITT 


io 


40 


w AAA 

>100 


>IIXI 


> lUU 


lO 


30 


6 


>100 


>100 


20 


>100 


>100 


>I00 


>100 5i«^'?S 


22 


>I00 


>100 


>100 


>100 


24 


>I00 


>100 


NT 


NT 


2Sa 


NT 


>100 


>100 


NT ^, 


26 


90 


03 


>iao 


NT . , 


27 


>300 


>100 


>100 


NT .-.-r-t,- 


28 


>3Q0 


u 


>300 


NT 


29 


170 






NT,,;;-,;^:^^;^,:; 



■NT " Not tested 



ExuK^ 3 PreparmtUm of 4-{4-Bem^flpvendbiylH'- 
flHonAutynphaione (9). 

A solution of 1.01 g (5.76 mmoi) of 4-bGn^lpiperidiiie (12) and 
0.S9S g (2.96 mmol) of 4-chIoro-4'-fluurubul y ioiAeno n e (4) and 16 mg of 
Nal in 10 mL of toluene was r^uxed for 28 h. It was coded to loom 
tetnpeatan, diluted by 10 mL of hexane. filtered and washed by hexane. 
The fihxate was ev^iorated to leave 1.01 g of oil wfaidi was purified by 
chnnnatogiq>hy (silica gel, hexanezediyl acetate » 20:1. 10:1, S:l. 103, 5:2. 
200 mL each) to give 672 mg (81%) of solid, mp 58-59»C. 'H NMR 
(CDQ,). 1.23 (m, 2). 1.50 (m, 1). 1.604 (sb. 2), 1.850 (t. 2). 1.914 (m. 2), 
2J52 (t, 1), 2.498 (d. 2). 2.856 (d, 2), 2.943 (t, 2) 7.12 (m, 5). 7.25 (m, 2). 
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7.989 (m, 2). MS, 339 {M\ 15), 201 (100), 188 (100), 123 (80). HRMS, 
Calcd for C^jH^FNO 339.1991, Found 339.1999. 

Example 4 PreparaHon of 3'(4'Benrylpiperidmyl)-4*' 
Jluoropropiophenone (10). 

A solution of 1.07 g (6.10 nunol) of 4-benzylpipcridine (12) and 
0.567 g (0304 nunol) of 3-diloro-4'-fluoropropioidienone (14) and 14 mg 
of Nal in 10 mL of toluene refluxed for 24 k U jiras coo nxHn 
temperature, diluted by 10 mL of hexane, filtered and washed by kexane. 
The filtrate was evaporated to leave 1.09 g of oil. Portion (199 mg) of Ae 
oil was purified by pr ep ara tive TLC (20x20 cm, hexane:ethanol = 8:U Rf = 
03-0.4) to give 140 mg of oiL It was dissolved in 3 mL of ethanol aikl to 
the solution kept in ice-bath was added dropwise 0.1 mL of concentrated HQ 
(37%) to produce crystalline solid. It was filtered and washed by 03 mL of 
: to give 134 ing (61%) of 

(m, 3). 2.062 (m. 2). 2.632 (nu 4), 3.405 Oi. 2), 
3.525 (d, 2), 3.815 (t, 2). 7.111-7315 (m, 7), 8.039 (m, 2), 1239 (mb, 1). 
MS, 325 (M*. 20), 188 (100), 175 (50), 125 (90). HRMS. Calcd for 
CjiHi^FNO 325.1835, Found 325.185L 

Example 5 Preparadon of3^l4^4'Chlomphenyl)'4-hydraxypiperuUnylJ' 
4*^fluoropf^iophenone (12). 

A mixture of 312 mg (1.47 nunol) of 4-(4-chlorophenyl)-4- 
hydroxypiperidine (2) and 140 mg (0.750 mmol) of 3-chloro-4'- 
fluoropropiophenone (14) and 15 mg of Nal in 5 mL of toluene was refluxed 
for 4 h. It was cooled to room temperature, filtered and washed by CHQj 
(15 mL). The filtrate was evaporated to leave 250 mg of white solid which 
was stirred with 15 mL of ether, filtered and dried to give 210 mg (77%) of 
^ white soUd, mp 158-159^0. *H NMR (GDOj), 1.753 (d, 2), 2.145 (m, 2), 
2.582 (t, 2), 2.870 (d, 2), 2.935 (t, 2), 3.230 (t, 2), 7.114 (t, 2), 7318 (d, 2). 
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7.442 (d, 2), 8,009 (dd, 2). MS, 361 (KT, 5), 224 (15), 211 (20), 193 (40), 
123 (100). HRMS, Calcd for CjoHjiClFNO, 361.1238, Found 361.1239. 

Exangfle 6 PrepanOion cf4^4^4'CUmphaty0^ydrwg^^ 
biityrophenone (13). 



A mixture of 213 mg (1.00 mmol) of 4-(4-chlonqptbenyl)-4- 
hydroxypipcridine (2) and 97 mg (0.53 mmol) of 4-chlorobutyro|Aenouc (15) 
and 20 mg of Nal in 5 mL of toluene was refluxed for 24 h. It was cooled 
to room ten4)erature, filtered and washed by edier (10 mL). The fihrate was 
evq>orated to leave yellow oil which was dissolved in ether (3 mL). The 
solution was added into 10 mL of hexane and allowed to stand for 0*5 h. 
The crystalline solid was filtered and washed by ether:ediyl acetate » 2:1 (1 
ml) and hexane (2 mL), dried to leave pale yellow solid 55 mg (29%), 
125-126"^ (lit 129-130^; Janssen ^aL,J. hied Phantt OtOfL liTXl 
(1959)). *H NMR (CDQ^, 1.660 (< 2), iOlO (n^ 4)^t517-^^ 
3.798 (m, 2), 3.014 (t, 2), 7.292 (d, 2), 7J71 (d, 2), 7.469 (t. 2), 7.565 (t, 1), 
7.995 (d, 2). 



ExamfitJ Preparaiion of 4^4^BeHzyi^^ydroxypiperidimyl)^'' 
Jbtorobutyropkename (16). 

14 17 



. . OH 

Nal 



Toluene 

16 
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A solution of 382 mg (L99 mmol) of 4-bcn2yl-4-hydroxypipcridinc 
(17) and 199 mg (0.991 mmol) of 4<hloTO-4'-fluorobutyTopheiione (14) and 
46 mg of Nal in 10 mL of toluene was refluxed for 36 h. It was cooled to 
room temperature and filtered and the oily solid was washed by hexane. The 
combined solution was cvqxiratcd to leave oily solid ^ch was washed by 
hexane (2 x 10 mL), dried to leave 120 mg (34%) of oUy solid. >H NMR 
(CDCI3), 1.50 (m, 2), 1.70 (m, 2), 1.958 (m, 2), 2J33 (t, 2), 2.462 (t, 2), 
2.731 (m, 4), 2.967 (t, 2), 7.120-7.313 (m, 7), 7.99 (m, 2). MS, 355 (NT, 
10), 264 (12), 217 (100). HRMS, Calod f or Cj^j^I^df 

■355.1943. ... -rv^-lte^K.. 



Exanq^le 8 Preparation of 4^4^Butyryl'4''p1(ekylplperU 



'(4-Butyryl^^pU 
fluorobutyrophenone (18). ^"^^^^ 

■14 ■ 19 u;;; 




Nal 

^ \. ^ ' - • . \ ; „ Ha 

Toluene 

18 



A solution of 538 mg (2.00 mmol) of 4-butyiyl-4-phenylpiperidine 
hydrochloride (19), 194 mg (0.966 mmol) of 4^diloro4'- 
fluorobutyrophenone (14), 204 mg (2.01 mmol) of EtjN and 86 mg of Nal 
in 10 mL of toluene was refluxed for 36 h. It was cooled to room 
temperature, filtered and washed by hexane. The filtrate was evaporated and 
the residue was treated by hexane, filtered and washed by hexane, dried to 
leave pale-yellow solid. A portion of the solid was purified by preparative 
TLC and developed by etfaylacetate : hexane : methanol "1:1 : 0.1 to give 
38 mg (10%) of oily solid. 'H NMR (CDCl,), 0.659 (t, 3)^1-415 (m, 2), 
1.945 (m, 2), 2.01 (m, 2), 2.157 (t, 2), 2.399 (m. 4), 2.69 (m, 2). 2.961 (t, 2). 
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3.1 17 (t, 2), 3.756 (t. 2), 7.14 (m, 2). 7.24-733 (m, 5), 8.00 (m, 2). MS, 395 
(NT, 10). 324 (15), 244 (100). HRMS, Caicd for C^joFNOj 395.2252. 
Found 395.2278. 



Exampte 9 Preparation of 4-(4'QfaHo-4-pkeiiylpiperiduiyl)^'- 
fluorobutyrophenone (20), 



CN 

O 

X 




14 21 



Tokiane 

20 

A solution of 146 mg (0.655 tnmol) of 4-cyano-4^heiiy^nqpai^^ 
faydiochlaride (21), 155 mg (0.772 mmol) of 4-€lil(m)-4- 
fluorobiityrophenoDe (14), 143 mg (1.41 mmol) of Et^N and 10 mg of Nd 
in 5 mL of toluene and 5 mL of CHQj was refluxed for 2 days. It was 
cooled to room t e mpera t u re, filtered and waited by hexane. The filtrate was 
e vapora t e d to leave an oily solid* It was purified by preparative TLC and 
developed by ediyl acetate : hexane » 1 : 1 to ^ve 99 mg of solid. The 
solid was stirred with 5 mL of hexane and 1 mL of ether for 2 h, filtered and 
washed by hexane, dried to leave 52 mg (23%) of i^te solid, mp 60-61^. 
*H NMR (CDQj), 2.012 (m, 6), 2*522 (m, 4). 2.979 (m. 4). 7.138 (t, 2), 
7J16-7.442 (m, 5), 8.015 (m, 2). MS, 350 (NT, 5), 212 (100). HRMS, 
Calcd for CjjHaFNjO 350.1787, Found 350.1824. 
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ExMf^ie 10 Preparation of ^-(3'Meihyl'3-phenylpiperidinyl}-4'^ 
Jluorobutyrophenone (22). 




' A solution of 359 mg (2,05 mmol) of 3-methyl-3-phenylpiperidine 
^ 023), 201 mg (1.00 mmol) of 4-<^oio-4'-fluorobaQrTO[doio«ie (14) and 30 
mg oif Nd in 5 mL of toluene was refluxed for 24 h. It was; cb^ to room 
i ten^seratui^ fu^ w^^ied 

leave an chI. It was purified by preparative TLC devdopisd by <e^iyl acetate : 
hcxanc =1 : 6 to give 182 mg (53%) of oiL 'H NMR (cbbj). 1^ (s, 
3). 1^87 (m, 4), 1.947 (m, 3), 2J92 (m. 4), US (m, 1), 2.993 (t. 2), 7.139 
(m, 3). 7.260 (t, 2). 7.384 (d, 2), 7.976 (m, 2). MS, 339 (NT. 5), 201 (70), 
188 (100). HRMS, Calcd for CjjHjjFNO 339.1991, Found 339.1989. 



Example 11 Pr^aration of 2^4^4'<Uorophen^}'4^ydroxypiperidu^J^ 
4''fluoroaceiophenone (24). 
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A mixture of 2-chloro-4'-fliioioacetophenonc (86 mg, 0.50 mmol), 4- 
(4-chlorophenyl)-4-hydroxypiperidine (106 mg, 0.5 mmol), Et,N (250 mg. 
2.47 mmol) in toluene (5 mL) was refluxed for 3 h, cooled to rt, filtered and 
washed with hexanc (2x5 mL). The filtrate was evaporated, and Ifae 
readue was chromatognqshed over alica gel (EtOAc-EtOH, : 2) to give 
41 mg (23%) of 24 as a hrown-yellow powder, mp 150-2^. 'H NMR 
(CDCl,): 1.73-2.10 (m. 3H), 2.20-2 JO (m, 2H). 2.63-2.71 (m. 2H). 2.91-2.95 
(m, 2H). 3.880 (s. 2H), 7.141 (t, 2H, J=8.6). 7.319 (d. 2H. J-8.5). 7.442 (d, 
2H, J«=8.5), 8.062 (dd, 2H, >=8.5; 6). Purity was 98^6% by HW:C. *'' ' " 

ExampUn Preparation of 4-{4-Hydn3fy-4^heHyip 
4''fluorobutyropheiume (3^a^ 




OH 




E^N.Nal 
TokiBM 




25* 



A mixture of 4-hydroxy-4-(3-phenylpropyl)pipcridine (200 mg, 0.91 
nnnoU obtained from die hydrochloride), 4-chloro-4'-fluorobutyrophenone 
(200 mg, 1.0 mmol). Et,N (40 mg, 4.0 mmol), Nal (50 mg, 0.33 mmol) and 
toluene ( 1 0 mL) was refluxed for 1 8 h, cooled to rt, filtered and washed with 
hexane (2 x 10 mL). The filtrate was evqmrated, and the readue was 
chromatogiaphed over siUca gel (EtOAc) to give 150 mg (40%) of 25a as 

a yellow viscous oU. 'H NMR (CDQ,): 1.41-1.59 (m, 5H), 1.64-1.72 (m. 

4H), 1.90-1.99 (m, 2H). 2.22-^31 (m. 2H), 2.401 (t. 2H, J=7), 2.58-2.63 (m. 

4H). 2.945 (t, 2H, J=7), 7.095 (t, 2H, J=8.6), 7.16-7.30(m, 5H), 7.98 (dd. 2H. 

J=8.5; 6). HRMS, Calcd for C^»FNO,: 383.2253; Found: 3832257. 

Purity was 99.7% by HPLC. The hydrochloride 25b, mp 150-1"C. 
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Example 13 Preparation of 4^f3*hydroxy^4-(3'irifluoromeihyl* 
pkenyl)piperidmyij'4''fluorobutyr0phenone (26)» 




Ei^H. Nal 
Tohiene 



A mixture of 4H(3-trifluoiDxnethyl)pbenyl-3-piperi^ (240 mg, LO 
mmoU obtained from the hydrochlorideX 4-chlon>-4'-fIuorobutyropheno!De 
(204 mg, LO mmol), EtjN (40 mg, 4.0 mmol), Nal (SO mg, 033 mmol) and 
toluene (10 mL) was refluxed for 18 h, cooled to rt, filtered and washed witti 
hex^ X 5 niO/ fcThe filtt^ and4te was 

chromate^^^ over ^ica gel (EtOH^-EtOAc, 10 : 0«S) to give 70 mg 
(30%) of 26 as a yeUow powder, mp 85-6*C. *H NMR (CDCI3): 1.66-1.70 
(m, 3H), L95-2.05 (m, 4H), 239-2.51 (m, 4H), 2.79-2.82 (m 2H), 2.983 (t. 
2H, 3=7), 7,139 (t, 2H, J=8.5), 7.42-7.64 (m, 3H), 7.726 (s, IH), 8.022 (dd, 
2H, J«8.5; 6). HRMS, Calcd for CjjHjjF^NO^: 409.1658; Found: 409.1667. 
Purity was 98,7% by HFLC. 

ExampU 14 Preparation of 4^4'AnHinO'4'carban^iperidinyty^'^ 
fluorobMityrophenone (27). 




Toluene 



27 
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A mixture of 4-chloro-4'-fluorobutyrophcoone (240 mg, 1^ mmol), 
4-aniimo-4-caibamylpiperidine (220 mg, 1.0 mmol), Et,N (556 mg, 5J 
mmol), Nal (55 mg) and toluene (15 mL) was refluxed for 16 h, cooled to 
rt, filtoed and washed with hexane (3x5 mL). The fihiate was evaporated, 
and the residue was chTomatogrq>hed over alica gd (EtOAc-ElOH» 8 : 2) 
to give 80 mg (21%) of 27 as a hrown-ycllow powder, mp 163-4*C *H 
NMR iCDCU): 1.87-1.94 (m, 4H). 2.04-2.12 (m, 2H), 2^1-2J1 (m. 2HX 
2.401 (t, 2H, J=7), 2.74-2.78 (m. 2H), 2.986 (t, 2H, J=7). 3.998 is, IH), 
5^ (bs, 2H). 6.624 (d, 2H, J=8), 6.78-6.88 (m, 2H), 7.10-7^1 (m. 3H), 
8.000 (dd, 2H, J«=9; 5.5). HRMS, Calcd for CoH»FN,0,: 383.2002; Found: 
383.2013. Purity v«s 99,2% by HPLC 

Example 15 Preparation of 4-(4-hydroxy-4-phenylpiperUinyl)' 
balyrophenone 




Toluene 



28 



A mixture of 4-chlorobu9rophenoiie (185 mg, 1.0 mmol), 4-hydnncy- 
4>phenylpiperidine (360 mg, 2.0 mmol), Nal (75 mg) and toluene (15 mL) 
was refluxed for 24 h, cooled to it, filtered and washed with hexane (2 x 10 
mL). The filtrate was evaporated, and the residue was chromatographed over 
silica gel (EtOAc-EtOH, 10 : 1) to give 118 mg (36%) of 28 as a yeUow 
powder, mp 113-4-C. 'H NMR (CDQ,): 1.52 (bs, IH), 1.68-1.72 (m. 2H), 
1.90-2.10 (m, 4H), 2.40-2^2 (m, 4H), 2.78-2.82 (m, 2H), 3.020 (t, 2H, J-7). 
4H), 7.344 (t, 2H, J=7.5), 7.45-7.56 (m, 6H), 7.993 (d, 2H. J=7.5). 
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Analysis, Calcd for CjjH^jNOj: C 77.99, H 7.79. N 4.33; Found: C 78.08, 
H 7.81, N 4.26. 



Example 16 Preparadon of 4'(4^B€n7ylpiperidinyl)butynphenone (29a) 
and the hydrochloride (29b). 




29a 



A mixture of 4-chlorobutyrophcnone (l.OS g» 6.0 mmol). A* 
^^^^^ (540 mg, 3.0 nmiol), Nal (120 mg) and^^^^^t^^ (IS mL) 

was refluxed for 3 days and cooled to rt It was filtered and wadbed wiA 
hexane (3 x 15 mL) and the filtrate was evaporated. The readue was 
chromatogrq^ over silica gel (EtOAc-EtOH, 10 : 1) to give 524 mg 
(54%) of 29a as a yellowish powder, n^> 61-2*'C. 'H NMR (CDOj): 1.16- 
1.29 (m, 2H), 1,44-1.53 (m, IH), 1.57-1.61 (m, 2H), 1.82-1.98 (m, 4H), 
2J67 (t, 2H, J«7), 2.504 (d, 2H, J=7), 2.85-2.89 (m, 2H), 2.982 (t. 2H, J«7). 
7.11-7.29 (m, 4H), 7.43-7.58 (m, 4H), 7.70 (d, 2H, J=8). The hydrochloride 
29b, mp 159-60'C. Analysis, Calcd for CjjHjjCINO: C 73.83, H 7.88, N 
3.91; Found: C 73.55, H 7.81, N 3.81. 

Having now fiilly described this invention, it will be understood by 
those of ordinary skill in the art that the same can be performed within a 
wide and equivalent range of conditions, formulations and other parameters 
widiout a£fecting the scope of the invention or any embodimoit thereof All 
patents and publications cited herein are fully incorporated by reference 
herein in their entirety. 
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What Is Claimed Is: 

L A mftAnri nf tngating nrpTftvcntit^ iifnimnal InMa^^ynrintftd WItfa 

stndx, ischemia, CNS trauma, hypoglycemia or surgoy, treating a 
neurod^enecative disease, or tieaiing or prevendx^ die advene coosequeooes 
of the oversdmuladon of die exdtatory amino acids, or treating amdety, 
convulsions, migraine headache, glanocmia, chiomc pain or indndqg 
anesdiesia, or enhancing cognition, conyri«^g administering to an animal in - 
need of such treatment an effective amount of a oonqxrand of the Formula 




or a pharmsttxaitically acceptable salt thereof; 

wherdn Rt-Rw are each indq)endentiy one of hydrogm, halo, hakalkyl, aryl, 
fused aryl, a heterocyclic group, a heteroaryl group, allcyl, alkenyi, alkynyl, 
arylalkyl, arylalkenyl, ar^alkynyl, hydroicyalkyl, nitro, amino, cyano, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or all^lthiol; 

Z is one of N, CH, COH, CCN, CCHO, CCONH,, CCXX-alkyl, CCO-alkenyl, 
CCHjNHCO-alkyl, CHO-alkyl or CNR*R% wherein R^ and R* are 
indq>endentiy alkyl grotq>s; 

R* can vary with each rq>etitive CH group aiKi is independendy one of 
hydrogen, alkyl, aryl, hydroxy or carboxy; 
n is 1 to S; and 
m is 0 to 3. 
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2. The method of claim I , wherein said compound is 4-<4-benzyl- 
4-hydroxypipcridinyl)-4'-fluorobutyrophcnone, 4-(4-butyryl-4-phenyl- 
piperidinylH'-fluorobutyrophcncrae, 4-<4-hydroxy-4-phcnylpiperidinyl)- 
butyrophcoMe, 4-(4-ben2ylpiperidinyl)butyrophenone, 4-(4-benzylp5)eridiiq^l)- 
4'*fluorobutyropbeiione, 3-<4-benzylpiperidinyl>4'-fluotopropiophenonecH'4- 
[4^4^hlorophenyl>4-hydroxypiperidinyl]butyrophenoi^. 



3. A inethod of treating or preventing neuronal IcM^^^ 
stroke; ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or pre^Mtting the adverse consequences 
10 of the oversdmulation of the excitatory anunblitf»ds; o treating anxiety, 

convulsic^, msGiaine headadie, glaucoma, cbnmicl^^ 
afifi^#>ria, or enhaxnng cognition, compriwig admimstering tp ^^i^^ in 
ftffd dr aich tTyarmfcitt an efiiecdve amount of a compound of Ifae Formula 





or a pbarmaceutically acceptable salt thereof; 

wherein R|-Rio are each independently one of hydrogen, halo, haloalkyl, aryl, 
fused aryl, a heterocyclic group, a hctcroaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, amino, cyano, 
acylamido. hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
20 or alkyldiiol; can vary witfi each repetitive CH group and is independently 

one of hydrogen, alkyl, aryl, hydroxy or carboxy; and 
n is 1 to 5. 



4. A method of treating or preventing neuronal loss associated with 
stroke, ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
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neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstimulation of Ae excitatory amino adds, or treating amde^, 
convulsions, migraine hcadadie, glaucoma, chronic pain or inducing 
anesthesia, or enhandng cognition, oonq>rinng administerii^ to an animal in 
5 need of such treatment an effective amount of a compound of the Formula 




or a pharmanrurically acceptable salt thereof; 

^pdierein RrRw are each independendy one of hydrogoi, halo, halodkyl, ar^, 
fitted BtyU a heterocyclic groq>, a heteroaryl group, alkyl, alkeoyl, allgrnyl, 
10 aiyUkyl, atylalkenyl, arylalkyny hydraxyalkyl, j 

acjiiamido, hydroocy, duol, acytoxy, azido, alkoo^, caiboxy, caiboaylanudo, 
or aUcyldiioI; R* can vary widi each repetitive CH gnnp and is indq>endendy 
one 6f hydrogen, alkyl, ar^, hydroxy or carboxy; and 
n is 1 to 5. 

IS S. A mediod of treating or preventing neuronal loss a^snciaied widi 

strdce, isdiemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstinmlation of the excitatory amino adds, or treating anxiety, 
convulsions, migraine headache, glaucoma, chronic pain or indudng 

20 anesdiesia, or enhandng cognition, con^rising administering to an animal in 

need of sudi treatment an effective amount of a compound of the Formula 
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10 




or a phannaceutically acceptable salt thereof; 

viierein R,-Rio are each independently one of hydrogen, halo, haloalkyl, aryl, 
fused aryl, a hetCTOcyclic ffo\xp, a hcteroaryl group, aikyl, idkmyl, aUcynyl, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, famine, cyano* 
acylamido. hydroxy. thioL acyloxy, azido. alkoxy, carboxy, carbonylamido, 
or alkylttuol; R* can vary with each repetitive CH group said is independently 
ohe of hydrogai. alkyl, aryl, hydroxy or carboxy; and 
n is 1 to 5. 

':y::-'-i''6, The dtaini '5, whe^^ 

hydroxy-4-(3-trifluoromethylphcnyl)pipcridinyl]^ 



7. A method of treating or preventing neuronal loss associated 
with stroke, ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or preventing the adverse consequences 
IS of the overstimulation of the excitatory amino acids, or treating anxiety, 

convulsions, migraine headache, glaucoma, chronic pain or inducing 
anesthesia, or enhancing cognition, comprising administering to an animal in 
need of such treatment an effective amount of a compound of the Formida 
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or a pharmaceutically acceptable salt thereof; 

D^^ercin Ri-R,o are each independently oi» of hydrogen, halo, haloalkyU aryl. 
fused aryl, a heterocyclic group, a heteioaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, amino, cyano, 
5 acylamido. hydroxy, thiol, acyloxy, azido, alkoxy. caibcxy, cazbonyiamido. 

or alkylthiol; can vary with each repeddve CH gcmp and is independently 
one of hydrogen, alkyl. aryl, hydroxy or caiboxy; and 
' nis i to 5. . , .v^-._; ■>.^'-ud:^-^0H^i'r^y.--'''----^ 

8. A method of treating or preventing neuronal loss assodated wxdi 
10 stroke, ischemia. CNS trauma, hypoglycemia or surgery, or treating a 

neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstimulation of the excitatory amino adds, or treating anxiety. 
; convulsions, migraine headacbe, glaucoma, chronic padn or inducing 
anr tfth^ a, of fP^'""^ er^irion^ conyrinng admi ammal in 

X5 need of sudi treatnoent an effective amount of a conqxmnd of the Formula 



or a phflrm^^r^^^^^^^^y acceptable salt thereof; 

wherein RrR,o arc each indqiendently one of hydrogen, halo, haloalkyl, aryl, 
fused aryl, a heterocyclic group, a hetcroaryl group, alkyl, alkenyl, alkynyl, 
20 arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro. amino, cyano, 

acylamido. hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkylthiol; n is 1 to S; 
m is 0 to 3; 

Y is one of OH, H. CN, CHO, CONH^, CO-alkyl, CO-alkenyl, CHjNHCO- 
25 alkyl, Oalkyl or CO-alkyl; and 
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R* can vary with each repetitive CH group aixl is indepexxleRtly one of 
hydrogen, alkyU aryl, hydroxy, or carboxy. 

9. A mediod of treating or preventing neuronal lossassodaied witii 
sadkt^ ischemia, CNS trauma, hypoglycemia or sorgeiy, or treating a 
neurodegenerative disease, or treating or preventir^ die adverse consequences 
of die overstimulation of die excitatory amino adds, or treating amdeiy, 
convulaons, migraine headache, glaucoma, chronic pain or ; inductrie 
anesdiesia, or enhaiming cogrution, oooqmsiiig admirusterir^ to an anitn^^ i in 
need of such treatment an effective amount of a compound of die Fbmmla 



10 





15 



20 



or a phannaoeutically acceptable salt diereof; 

wherein RpRio are each indcpendendy one of hydrogen, halo, haloaUcyU aryU 
fused aryl, a h^rocyclic group, a heteroaryl groiq), alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, hydnntyalkyl, rntro, annno, cyano, 
acylamido, hydroxy, thiol, acyioxy, azido, alkoxy, carboxy, carbonylamido, 
or alkyldiiol; n is 1 to S; 
m is 0 to 3; 

Y is OH, H, CN, CHO, CONHj, CO-alkyl, CO-alkenyl, CHjNHCO-alkyl, 
0-aU[yl and GCValkyl; or 

R* can vary with each repetitive CH groq> and is indq>endendy hydrogen, 
alkyl, aryl, hydroxy, or carboxy. 



10. A mediod of treating or preventing neuronal lossassodated widi 
stroke, ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or preventing the adverse consequences 
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of the overstimulation of the excitatory amino acids, or treating anxiety, 
convulsions, migraine headache, glaucoma, chronic pain or inducing 
anesthesia, or enhancing cognition, comprising administering to an animal in 
need of such treatment an effective amount of a compoimd of the FomaMla 




or a pharmaceutically acceptable salt thereof; 

R, to R9 ate each independently one of hydrogen, halo, haloalkyU aryl, fused 
aryl, a heterocyclic group, a hctcroaryl groiq), alkyU alkcnyU alkynyU 
arylalkyU arylalkenyU aiylalkynyl, hydroxyalkyl, nhro, amino, cyano, 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboaqr, c»^^ 
or alkyltfiiol; R|, is hydrogen, aryl, fused aryl, a hctaocydic groi^, a 
hctcroaiyl group, alkyl, alkenyl, alkynyl, aryhilkyl, aryUdkcnyU arylalkynyU 
hydroxyalkyl, or acyl; 
n is 1 to 5; and 

R» can vary with each rq)etitive CH groiq? and is independently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

11. A meduxl of treating or preventing neuronal loss associated 
with stroke, ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstimulation of the excitatory amino acids, or treating anxiety, 
convulsions, migraine headache, glaucoma, chronic pain or inducing 
anesthesia, or enhancing cognition, comprising administering to an animal in 
need of such treatment an effective amount of a compound of the Fornmla 
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or a pharmaceudcally acceptable salt thereof 

R, to R9 are each tndepeodendy ok of hydrogen, halo, haloalkyl, aryl, fosed 
aryU a heterocyclic groiq>, a beteroaryl group, all^l, alkcnyl, alkynyU 

5 ai^alkyU arylalkenyl, arylalkynyl, hydroxyalkyl, nhro, ammo, cyano, 

acylamido, hydroxy, diiol, acyloxy, azido, alko>^, carfooxy, carbonylamido, 
or all^lhiol; Rn is one of hydrogen, aryl, fused aryl, a heterocyclic gnnqi, 
a heteroaryl group, alkyl, alket^l, alkynyl, arylaUcyl, arylalkenyl, arylaDcynyU 
hydroxyalkyl, or acyl; 

10 nis,l'to 5;aiid ■ ■■r.i^^ry-^^^'^^-'^^^^^^ 

R^ can vary vnAx each repetitive CH group and is indq^endestly one of 
hydrogen, alk^ aryl, hydroxy, or carboxy. 

12. A method of treatii^ or preventing neuronal loss associated 
with stn^ ischemia, CNS trauma, hypoglycemia or surgery, or treatmg a 
IS neurodegenerative difpr^^j^ or treating or preventing die adverse consequences 

of the overstimulation of the excitatory amino acids, or treating anxiety» 
convul^ons, migraine headache, glaucoma, chronic pain or inducing 
anesthesia, or »nHnw^ng cognition, comprising administering to an animal in 
need of sudi treatment an effective amount of a compound of ibt Formula 



20 
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or a phamutceutically accq}table salt thereof; 

R, to Rio are each indqwodently one of hydrogen, halo, haloalkyl, aiyl. fiised 
aryl, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, 
aiylalkyl, aiylalkenyl, aiylalkynyl, hydroxyalkyl, nitro. amino, cyano, 
acylamido. hydroxy, thiol, acyloxy, azido, alkoxy, caiboxy, caibonylamido, 
or aUcylthiol; R,i is one of hydrogen, aryl. fused aryl, a heterocydic group, 
a heteroaryl group, alkyl, alkenyl, alkynyl. arylalkyl. arylalkenyl. arylalkynyl. 
hydroxyalkyl, or acyl; 
n is 1 to S; and 

R* can vary \idth each rqpetitive CH grpp and is indq)endently one of 
hydrogen, alkyl. aryl. hydroxy, or caitx«y^;}fe^ 

13. A method of treating or prevciidngneuioxial loss 
stroke, ischemia, CNS tramna, hypoglycemia or surgery, or treatiiig a 
neurodegenerative disease, or treating or prey^n^ig 1^ 
of the overstimulation of the exdtatoiy amino adds, or treating axDciety. 
convulsions, migraine headache, glancoma, chronic pain or indu c ing 
anesAesia, or enhaxKung cognition, compri^ng administering to an animal in 
need of such treatmem an effective amount of a compound of the Formula 




or a pharmaceutically acceptable salt thereof; 

to Rjo are each independently one of hydrogen, halo, haloalkyl, aryl, fused 
aryl, a heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro. amino, cyano, 
acylamido, hydroxy, tfiiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkylthiol; Rn is hydrogen, aryl, fused aryl, a heterocyclic groiq), a 
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heteroaryl group, alkyl, alkcnyl, alkynyl, arylalkyl, arylalkcnyl, aiylalkynyl, 
hydroxyalkyl, or acyl; 
n is 1 to 5; and 

R' can vaiy with each iq>etitive CH group and is indepcndendy one of 
hydrogen, alkyl, aryl, hydroxy, or carboocy. 

14. A method of treatii^ or preventing neuronal toss assodated widi 
stroke, ischemia, CNS trauma, hypoglycemia or surgery, q^^^ a 
neurod^enerative disease, or treating or preventing the adverse codsequenoes 
of At overstimuladon of the excitatory amino adds, or treating ande^, 
convulsions, migraine headache, glaucoma, chronic pain or indudiig 
anest he sia, or enhandng cognition, conq>ri^ng administeriiig to an ^n\ms^} in 
need of sudi treatment an efSective amoum of a ooirqxKmd of the Formula 




or a pharmaceuticaUy acceptable salt Aereof; 

Ri to R9 are each tndq)endently one of hydro^n, halo, haloalkyi, aryl, fused 
aryl, a heterocyclic group, a heteroaryl group, alkyi, alkenyl, alkyiiy!, 
arylalkyl, arylalkenyl, arylalkynyl, hydroxyalkyl, nitro, amino, cyarx), 
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido, 
or alkyldiiol: R„ is hydrogen, aryl, fused ar^, a heterocyclic group, a 
heteroaryl gnnq), alkyl, alkenyl, alkynyl. arylalkyl, arylalkenyl, arylalkynyl, 
hydroxyalkyl, or acyl; 
n is 1 to S; and 

R* can vary widi each repetitive CH group and is independently one of 
hydrogen, alkyl, aryl, hydroxy^ or carboxy. 
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15 . A method of treating or preventing neuronal loss associated with 
stroke, ischemia, CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstimulation of the excitatory amino acids, or treating anxiety, 
convulsions, migraine headadie, glaucoma, chixmic pain or indnring 
anesthesia, or enhancing cognition, conqm^ng administering to an aninud in 
need of such treatmem an effecdve amount of a conqxnmd of the Formula 




or a pharmaceutically aocrotable salt Aereof; ;\ , ^h^^ ^ ; ' / ^ 

Rf to one of hydrogen, halo, hakedkyl^^^ fiised 

aiyl, a heterocyclic grcnq), a hcteroaryl gmsp, alkyl, aDosivl, aUqoiyl, 
axylalkyi, ar^sJkenyl, arylalkyhyl, hydroxyalkyl, nitro, amino, cyano, 
acylamido, hydroxy, diiol, acyloxy, azido, alkoxy, carfooxy, carfoonylamido, 
or alkylduol; Rn is hydrogen, aryl, fused aryl, a teterocyclic group, a 
hcteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl, 
hydroxyalkyl, or acyl; 
n b 1 to 5; and 

R* can vary with each rq)etitive CH group and is independently one of 
hydrogen, alkyl, aryl, hydroxy, or carboxy. 

16. A method of treating or preventing neuronal loss associated with 
stroke, j^rhMnja CNS trauma, hypoglycemia or surgery, or treating a 
neurodegenerative disease, or treadng or preventing the adverse consequences 
of the oversdmulation of the excitatory amino acids, or treating aiuue^, 
convul^ons, migraine headache, glaucoma, chronic pain or inducing 
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anesthesia, or enhancing cognition, comprising administering to an animal in 
need of such treatmem an effective amotmt of a conqxamd of die Formula 



or a pharmacnnically acceptable salt thereof; 

R3 to Rk> are each independently one of hydrogen, halo, hatoalkyl, aiyl, fused 
aryl, a hctero^dic groq>, a hetetoaryl group, alkyl, alkenyl, alkynyl, 
arylaU^l, aiylallK^ arylaU^nyl, hydroxyaUcyl, nitro, amnio, qmo, 
acylanudo, hydros^, thiol, acyloxy, azido, alkmy, caifooxy, caibcnr^iamido^ 

pis6«i;^auki ' 
Y is one of OH, H, CN. CHO, CX)NHa, 00-aIkyl, CO-alkenyl, CI^NHOO- 
alkyl, 6-alk^ or COraikyl; w 

R' can vary with each rqietitive CH gnnq> and is indq)endently one of 
hydrogen, alkyl, aryl,. hydroxy, or caiboxy. 

17. A method of treating or preventing neuronal loss associated with 
stroke, isdiemia, CNS trauma, hypoglycemia or surgery, or treatiiig a 
neurodegenerative disease, or treating or preventing the adverse consequences 
of the overstimulation of the excitatory amino acids, or treating anxiety, 
convulsions, migraine headache, glaucoma, chronic pain or inducing 
anestiieaa, or enhancing cognition, conq>rising administering to an animal in 
need of such treatment an effective amount of a compound of the Formula 
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or a phannaoeutically acceptable salt tfaereof; 

wbeicin X is an aiyl or heteioaryl ring which may be jnAisdti^ or 
more halo, haloalkyl, aryU fused ai^, a heterocyclic gnnq>, a heteroaxyl 
gjoap, alkyl, alkenyU alkynyl, arylalkyl, arylaikenyl. aiylalkynyU 
hydroxyalkyU nim>, amino, cyano, acylamido, hydroxy, tiuol, acyloxy, aado, 
alkoxy, carboxy, caibonylamido, or alkyldiiol groiq>s; 
misOto3; % 
....'^ nis 1 io5; 

y is oi of OH, H, CHO, C»NH^ 
alkyl, O-aJkyl orCCValkyl; or 

can vary with each rq>edtive CH groop and is indq)eixiently one of 
hydrogen, alkyU aryl, hydroxy, or caiboxy. 

18. The method ofany one ofdaims 1-17, wherein said compound 
is administered as part of a pharmaceutical composition compriring a 
pharmaceutically accq>table carrier. 

19. The method of any one of claims 1-17, wherein said migraine 
headache is caused by conical ^reading depres^on. 
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